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-CI -C4 alky], preferably H or C:H3; Y is H, F, CI, Br, I or -C1-C4 alkyi, 
0, 1 or 2; and their anomcrs, pharmaceutically acceptable saJis, solvates. 



(57) Abstract: The present invention relates to novel 
componnds according to the general Formulae (I, n, 
ID, IV or V); wherein B is nucleoside base according 
to the sttTictuns Fonnula (VI); R is H, F, CI, Br, I. 
Ci-C:* alkyl (preferably CHjX-C^N, -C^-R,. Fonnula 
(VD); X is H, C,-Q aJkjd (preferably, CHj), F, a, 
Br or 1 : Z is 0 or CHj, with the proviso that Z is CH2 
and not O when the compoond is according to general 
formula n, R^ is -C^-H and R^ is H or a phosphate, 
diphosphate, triphosphate orphosphotiiestergroDp; R^ 
is H. an acyl group, a C1-C20 alkyI or an ether group; 

is H, an acyl group, a a-C2D alkyI or ether ffoup, a 
phosphate, diphosphate. tiq)ho5phate, phosphodiester 
group or a F[>miu]a;(VIID or Fonnula (IX) groi^; Nn 
is a radical of a biologically, acdve antiviral compound 
sudi that an amino group or hydroxy! group from 
said biologically active antiviral compoond forms a 
phosphate, phosphoraraidate. carbonate or urethane 
group with the adjacent mwety; R8 is H, or a CI-C20 
aBqd or ether group, preferably a C1-C12 alkyl group; 
k is 0-12, preferably, 0-2; R3 is selected from a C1-C4 
alkyl (preferably, CH3). -(CH2)n-C=C-Ra, Formula 
(X) or Formula (XI); R3a and R3b are independently 
selected from H, F, CI, Br or I ; R4 and R5 are 
independently selected from H, F, CI, Br, I, OH, 
Ct-C4 alkyl (preferably, CH3),-(CH2)n-OC-Ra. 
Formula(Xn) or Fonnu]a(Xnr) with the proviso that 
R4 and R5 are not both H; Ra is H, F, Q, Br, I, or 
preferably H or CH3; and n is 0. 1, 23, 4 or 5. preferably 
or polymorphs theieof. 
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Anti-Viral Nucleoside Analogs and Methods For Treating Viral Infections, Especially 

ETV Infections 



Related AppUcations 

This application claims the benefit of provisional application number 60/448,554, 
filed Februaiy 19, 2003, the entirely of which is incorporated by reference herein. 

Field of the Invention 

The present inventiOT relates to novel 2^3 *-dideoxy and didehydro nucleoside 
analogs and related prodrugs and dieir use inihe treatment of a number of viral infections and 
disease states, especially including HiV and its related condition AIDS, among numerous 
others, and in panticular^ retroviruses. 

f 

This work was supported by Public Health Service grant AI-38204 from the National 
Institutes of Healflj. The government retains certain ligjite in the invention. 

Back^onnd of the invention 

Human immunodeficiency virus (HIV/AIDS) has become the leading infectious cause 
of death worldwide surpassing malaria and tuberculosis. WHO AIDS Epidemic Update, data 
for December 2002, lists 3. 1 miUion deaths and 42 milKon people cmrentiy living with 

AIDS. The need for new flierapeutic agents with better e£5ca«y is evident Dideoxy 
nucleosides are an important group of antiviral compounds(16, 26, 27). A member of this 
group, 3'-Azido-3*-deoxytIqmiidine (AZT, Retovir, Zidovudine) was the first drug approved 
for ae treatment of HIV. Its dose limiting advrase effect is mydosuppression (14, 36, 39), 
which may be worsened by the concurrent administration of ofter drugs that cause bone 
marrow suppression or tihat are hepatically metabolized. 2', 3'- Didehydro-3'- 
deoxythymidine (D4T, Stavudine. Zerit) was flien approved because of better bioavailability 
and lower acute toxicity (1). D4T is limited by a long-term delayed toxicity, peripheral 
sensory neuropatiiy (4) vrfnch is related to mitochondrial damage (3, 5, 6, 13, 18, 22, 30, 33 
34). 2', 3'.Dideoxyinosine (ddl, Didanosine, Videx) and 2', 3'-dideoxycytidine (ddC, 
Zalcitabme) are dideoxynucleoside anti HIV con5)ounds that also have peripheral neuropatiiy 
as tiieir leading adverse effect In flie search to find anti-HIV nucleoside analogs that had less 
neuropatiiy. many classes of compounds were synthesized and assessed for flieir antiviral 
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activity and cytotoxicity including their impact on mitochondrial DNA. Dideoxynucleosides 
in the unnatural L conformation represented by P-L-2', 3'-dideoxy-3*- thiacytidine (3TC, 
Lamivudine), its 5- fluoro analog OFTC, Emtricitabine) and P-L-2\ 3*-dideoxy-2*,3'- 
didehydro-5- fluorocytidine (LFd4C, Elvucitabine), have been shown by us (2, 1 1, 12, 23-25) 
and others (8, 9, 15, 37) to have good antiviral activity and low mitochondrial toxicity. 
However, even with compounds relatively non-toxic to mitochondria there is a lack of a 
durable response. This condition can be caused by either the rapid emergence of resistant 
virus or by host changes that cause differences in drug metabolism (10, 19, 35). 

One approach to combat this problem is to develop compounds with less toxicity and 
lack of cioss-resistance to other antiviral drugs. When nsed in combinations fliese compounds 
may decrease the dosage of existing drugs needed to achieve the same antiviral efect with 
less toxicity. Futheimore, these conjqpounds could even delay the onset of resistance, which 
could be based on the decreased viral load during treatment In the search for a new antiviral 
compounds, ofliers have looked at 4'-substituted dThd analogs (29) (32), while we 
synthesized a series of 4'-substituted D4T analogs. Screening revealed die 4'-ethynyl D4T to 
be the most active among those tested (17). In the studies described within we describe the 
structure activity relationship of this class of compounds and diaracterize 4'-ethynyl D4T in 
more detail with respect to its mode of action against HIV and its interaction with key cellular 
enzymes that mediate its activity. 

Objects of tiiie Invention 

It is an object of the invention to provide compounds for the treatment of viral 
infections or cancer. 

It is another object of the invention to provide pharmaceutical compositions which 
can be used to treat viral infections or cancer. 

r 

It is an additional object to provide compounds and pharmaceutical compositions 
which can be used in combination therapy with known anti-viral agents. 
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It is still a further object of the present invention to provide prodrug forms of 
compounds according to the present invention which are formulated in combination witii 
other and-viral agents. 

It is another object of the invention to provide therapeutic methods for the treatment 
of a variety of viruses as otherwise described herein, or cancer. 

It is yet another object of the invention to provide methods of synthesizing 
conq)ounds according to the present invention. 

These and/or other objects of the invention may be readily gleaned from the 
description of the invention which follows. 

Brief Description of the Figures 

Figure 1 depicts a number of preferred compounds according to the present invention. 
Figure 2 depicts anti-HIV compounds L(-)Fd4C, L(-)SddC, ddC and D4T. 

Figure 3 depicts preferred dinucleoside compounds accordmg to the present 
invention. 

Figure 4 shows the chemical synthesis of TDK-4-152 in Scheme A. 

Figure 5 shows fht chemical synthesis of TDK-4-114 in Scheme B. 

Figure 5A shows an alternative chemical synthesis of TDK4-1 14 . 

Figure 5B shows an alternative preparation of acyloxy nucleoside compound 
intermediates according to the invention, which may be used to produced TKD-4-1 14 of 
Figure 5A. 

Figure 6 shows a chemical synthesis of KMA-23-153. 
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Figure 7A shows Ihe synthesis of 4*ethynyl-2'-deoxynucleosides ftom 2*- 
deoxynucleosides according to fte metbodology of Nomura^ et al. / Med. Chem,, Al^ 2901- 
2908 (1 999). Note that SiRs is a terf-butyldhnethylsilyl group and SiR'3 is a reit- 
butyldiphenylsilyl group. X is a halogen atom^ such as chlonne and B is a nucleoside base 
such as uracil, adenine, guanine or cytosine, among o&ers. 

Figure 7B shows the synthesis of 4*-ethynyl-2'-deoxynucleosides &om a blocked 
sugar precursor according to the methodology of Ohrui» et aL, / Med, Chem. 43, 4516-4525 
(2000). Note that B is a imcleoside base. 

Figure 7C shows a general chemical synthesis of 2'3'-didehydro nucleoside 
compounds from litie corresponding 2' deoxynucleoside analogs according to die present 
invention. 

Figure 8 shows the anti-HTV Activity of 4'Substitnted D4T analogs: the anti viral 
activity of 4'-ethynyl D4T, D4T, 4'-ethynyhnelhly D4T and 4'-cyano D4T were determined 
in the MT-2/ HIV HIB system as describe in the Material and Methods section in the 
examples. Inhibition is determined by comparison of readings at O.D. 595nm to that of 
uninfected untreated (UTUT) control MT-2 cells. 

Figure 9 shows the reversal of the Anti-HIV effect of 4'"efhyiiyl IHT. dThd (10 pM), 
dThd ( 1 |iM) and dCyd (1 0 >iM) m the presence of THU (5 |iM) were added to the standard 
antiviral assay. Inhibition is determined by comparison of readings at OD. S95mn to that of 
uninfected untreated (UIUl) control MT-2 cells. 

Figure 10 shows antiviral isobolograms of D4T and 4'~etbynyl D4T io combination 
with; A) 3TC and B) LFd4C data obtained in the MT-2/ HIV BOB system. The numbers along 
each axis are proportions of the ECso (taken as 1) for the drug indicated as a single agent 
[EC50 for single agents are 1.4 yM D4T, 0.5 \M 4'-ethynyl D4T, 1.0 |iM 3TC and 0.18 piM 
LFd4Cl Bach datimi point represents a combination that produces an effect equivalent to that 
of the ECso for either drug alone. Synergy Index (SI) is calculated as the fiactional part of the 
45<> line to &e line mdicating that the drug interaction is additive, the total distance being 1 .0. 
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Figure 1 1 shows thymidine phosphoiylase treatment of D4T Analogy: dThd, D4T and 
4'-ethyny] D4T were incubated with a partially purified preparation of TP from human liver 
extract. Then the ratio of base to nucleoside was determined by reverse phase HPLC on a 
Beckman ODS column as described m the materials and methods section. 



Sommary of the Invention 

The present invention relates to novel compounds according to-the general formulas I, 
n.ni,IVorV: 




I n in IV V 

wherein B is nucleoside base according to the structure: 




R is H, F, CI, Br, I, C1-C4 alkyl (preferably CHa), -ON, -(^C-R. , 
X is H, C1-C4 alkyl (preferably, CH3), F, CI, Br or I; 
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Z is O or CH2, with fhe proviso that Z is CH2 and not O when the compound is according to 
general fonnnia 31, is -OC-R and is H or a phosphate, diphosphate, triphosphate or 
phosphotiiester group; 

R' is H, an acyl group, a Ci — C^alkyl or an ether group; 

R is H, an acyl group, a Ci — C20 alkyl or ether group, a phosphate, diphosphate, 
triphosphate, phosphodiester group or a 
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group; 



Nu is a radical of a biologically active antiviral compound such that an amino group or 
hydroxyl groiq) &am said biologically active antiviral compound forms a phosphate, 
phosphoramidate, carbonate or urethane group widi die adjacent moiety; 



R is H, or a CrCzo alkyl or ether group, preferably a C1-C12 alkyl group; 



k is 0-12, preferably, 0-2; 



R^ is selected from a C1-C4 alkyl ^ferably, CH3), -(CH2)n-OC-Ra, 



H . H H 

2\ 



H or 

R^ and R^^ are mdependently selected from H, F, CI, Br or I ; 



R and R are independentiy selected from H, F, CI, Br, I, OH, Cj-Ca alkyl (preferably, CH3), 

-fccH^ ^ or 4^cb2 ^ 
-{CH2)ji-CM^-Ra, widi the proviso that R and R 

are not both H; 
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Ra is H, F, CI, Br, I, or -C1-C4 aJkyl, prefeiably H or CH3; 
Y is H, F, CI, Br, I or -C1-C4 alkyl, preferably H or CHj; and 
n is 0, 1, 2,3, 4 or 5, preferably 0, 1 or 2; 

and their anomers, phannaceutically acceptable salts, solvates, or polymorphs thereof. 

Preferably, B is a tiiymine base (i.e., a uracil base with 5-methyl substitution) or an 
unsubstituted adenine base. and are preferably R is preferably CH3, -CNTH or 
-<CH2)n"CH=CH2 , where n is 1. 

In other preferred aspects of the present invention, the biologically active antiviral 
agent is a nucleoside compound selected fix>m ddC, ddl, ddA, B-LFd4C, B-LFddC, A2T, 
abacavir, 3TC, D4T and FTC, wherein the biological active agent is attached to a phosphate, 
phosphoramidate, carbonate or methane moiety through a hydroxyl groiq> at flie 5' position 
of the sugar synthon of the nucleoside. 

In another embodiment according to the present invention, pharmaceutical 
compositions conq)rise an effective amount of one or more compounds as described above, 
optional]^ in combination with a phannaceutically acceptable carrier, excq>ient or additive. 

Methods of treatment of viral infections, and/or pceventing or delaying the onset of 
conditions related to vnal infections is a further aspect of the invention. The compounds may 
be used to treat mfections or conditions associated with viruses, including, for example, 
human hnmunodeficiency viruses 1 and 2 (HIV-1 and HIV-2) mcluding drug resistant 
strains, human T-cell leukemia viruses 1 and 2 (liTLV-l and HTLV-2), respnatoiy syncytial 
vims (RSV), human papilloma virus (HPV), adenovirus, hepatitis B virus (HBV), hepatitis C 
vims (HCV), Epstem-Barr virus (EB V), varicella zoster virus (VZV), cytomegalovirus 
(CMV), herpes simplex viruses 1 and 2 (HSV-1 and HSV-2), human herpes virus 8 (HHV-8, 
also known as Kaposi's sarcoma-associated virus) and flavivkuses, including Yellow Fever 
virus. Dengue virus, Japanese Encephalitis and West Nile viruses. Preferably, compounds 
according to the present invention may be used to treat HTV infections. In addition, the 
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present confounds may be used to prevent and/or reduce the likelihood of a virus infection 
such as an HIV mfection or a condition which may occur secondaiy to a viral infection, such 
as AIDS, EB V-related lymphoma or HHV-8 associated cancer (sarcoma) will actually occur. 

Detailed Description of the Invention 

The team "conqwund", as used herein, unless oflierwise indicated, ref^s to any 
specific chemical compound disclosed herein. Within its use in context, flie term generally 
refers to a single compound preferably, p anomers. but in certain instances may also refer to 
stereoisomers and/or optical isomeis Cmcluding taccmic mixtures), preferably well 
specific enantiomers, in particular, p-D or P-L, preferably p-D nucleoside analogs 
enantiomericalfy enriched mixtures of disclosed compounds. In the present invention 
certain instances, especially in the dual antagonist/dinucleoside prodrug aspect of the present 
invention, a compound according to flie piesent invention is chemically linked through a 
phosphate Cmcluding polyphosphate), phosphoiamidatB, carbonate or urethane mdely to a 
biologically active antiviral agent tbrou^ an amine or hydtoxyl group of the biologically 
active antiviral agent 

The teim "dual antagonislf' (within context, "dinucleoside") refers to a prodrug 
compound comprisiiig two active agents, one being an active nucleoside compound 
according to flie present invention and Ihe other being a known active agent, preferably a 
known anti-vnal agent, more preferably an anti-HIV agent having a fee amino group or 
hydtoxyl group which can be used to link the agent to a compound according to the present 
invention through a phosphate or carbonate group. In this dual antagonist aspect of the 
invention, a Wologicafly active agent having a fee hydroxy] or amino group may be used to 
link a compound according to the present invention ftrough a phosphate or caibonate moiety 
to produce prodrug compounds which ejdnbit biological activity, preferably antiviral 
activity. In this aspect, a nucleoside analog according to die present invention is Imfced to 
the bioactive agent, preferably through a primary alcohol at the 5' OH position of the sugar 
syndion to produce a phoqihate, phosphoramidate, caibonate or urethane moiety. 
Alternatively, a secondaiy alcohol or a fee amine group ftom flie piesent nucleoside 
compounds may be used to form die linker wifli flie oflier bioactive agent in fliis dual 
antagonist aspect of the present invention. Preferably, p-D or p-L nucleoside analogs may 
be used as flie bioactive agent and linked to nucleoside compounds of flie present invention 
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(which themselves may be enantiomericaUy enridied or nucleoside craopouiids, 
racemates or diastereomeric mixtuies) to fonn dinucleoside prodrugs, depending iqxxn flie 
activity of the nucleoside compound chosen for use. In preferred aspects of the invention^ 
the biologically active antiviral agent is preferably another anti-viral nucleoside ag^t such 
as ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC and Fd4C. Preferred dinucleoside 
compounds are set forth in attached Figure 3. 

Exemplary bioactive agents, especially anti-HIV agents, which may be used in this 
dual antagonist aspect of the present invention include, for example (compound name and 
active moiety through which linking with nucleoside compound according to the present 
invention occurs): 

Atazanavir (BMS-232632) using the fiee secondary hydroxyl group; 
Bis(POM)-PMEA (Adefovir dipivoxyl) using the free amine group; 
Bis(POC)-PMPA (Tenofovir disoproxil) using the free amine group; 
Etecavir usmg the primary hydroxyl group on the caibocyclic sugar synthan; 
Indinavir (Crixivan, MK-639 L-735,524 from Merck) using the free secondary 
hydroxyl group; 

KHI-227 (Kynostatin of Nikko Kyodo Co.) using the free secondary hydroxyl gn)iq>: 
2-[3-'[3-(S)-[[(TetrahydrofiHanylo3q^)carbonyi]amino]^^^ 

N-(l J-dimethylethyl)decahydro-3-isoquinolinecarboxamide (IsoquinCON 
furanyl urethane analog from Merck) using the free secondary hydroxyl 
group; 

Caibamic acid,[3- {[(4-meflK)xyphenyl)sulfonyl](cyclopenyimethyl)ammo]-2-hydrox^^ 
0)heaylmethyl)prpp3dl-, tetrahydroforanyl ester (VB-11,328 of Vertex) using fee 
free secondaiy hydroxyl group; 

KNI-174 from Nikko Kyodo Co. using the free secondary hydroxyl (or free amine) group; 

Yal-Val-Sta from Sandoz (Austria) using the free secondary hydroxyl group; 

CPG53820 from Ciba-Geigy using the free sec(mdaiy hydroxyl group; 

bis-Val HOEt-N2 aza-peptide isostere using the fiee secondaiy hydroxyl group; 

C2-Sym Phosphinic amide derivative from Hoechst AG using the free amine group; 

2,5rDiamino4^J^.bis(hf-ben!qrloxycaAonylueIyl)-l,6-di 

B2OCVaIPhe[diCH0H(SS]PheValB20C from Abbott using the free secondary 
hydroxyl group; 
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2^,-Diainmo.N;^'-bis(N-ben25dojgrcarbonyluelyl^ 

B20CVaIPhe[ciiCH0H(RR]PheVaIB20C fixMn Abbott using the fee secondary 
hydroxyl group; 

bis(S-acetyl-2.1hioethyl)phosphotriester of ddA or [bis(SAIE)ddAMP] using the free amine 
BILA 2186 BS (Bio-Mega/Boehringer Ingelheim) using the free secondary hydroxyl group; 
Agenerase (An^renavir; VX-478; 141 W94) of Vertex/Kissei/Glaxo Wellcome at the free 

secondary hydroxyl or amine group; 
A-98881 (Azacyclic urea derivative) of Abbott using the free secondary hydroxyl group or 

phenoUc hydroxyl group; 
A-83962 (Rifonavir derivative) of Abbott using the free secondary Iqrdioxyl groiq); 
A-80987 (Rifonavir derivative) of Abbott using the free secondary hydroxyl group; 
(2-N^hflialcarbonyI)Asn[decaibonyIPhe-hydroxye%l]ProOterffi^ or 

2NaphCOAsnPhe[aaOHCH2]PiD-OtBu of Roche using the free secondary 
hydroxyl; 

2-Aminobenzylstatine Valyl Cbz derivative of Sandoz using the free secondary hydroxyl or 
amine; 

2-Aniinobai2ylstatine Val3i Cbz deriative of Sandoz using the free hydioxyl; 

10H-2(Cbz-ValNH)3PhPr [14]paracyclophane derivative of Sandoz nsinglfae free seondary 
hydroxyl; 

10H.2(Cb2>.VaINH)3PhPr [l3]paracyclophane derivative of Sandozusing the free seondary 
iQ^droxyl; 

10H-2(Cbz-VaINH)3PhPr [13]metacyclophane derivative of Sandoz using the &ee seondary 
hydroxyl; 

10H"2(Cbz-Tle)3HiPr [14]paracyciophane derivative of Sandoz using the free seondary 
hydroxyl; 

l-(20HPr>4-substitiited-.pq)era2ine (cyclopropyl), tWeneyl carbamate deriv. (from 

Merck) using the 6ct secondaiy hydroxyl group; 
l-(20HPr)-4-substitated-pipeTazine (cyclobutyl), thienyl carbamatfi derive, (from 

Merck) using the free secondaiy hydroxyl group; 
l-(20HPr)-4-substituted-piperazine (3-pentyl), fliienyl carbamate derive, (from 

Merck) using the free secondaiy hydroxy] group; 

10H-2(a)z-ValNH)3PhPr[17]paracyclophane derivative (from Sandoz) using the free 
second hydroxyl group; 

A-81525 (from Abbott) usmg the free secondaiy hydroxyl group; 
XM323 (DMP-323 from DuPont Merck) usmg the free primary or secondaiy 
hydroxyl groups; 
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Tipnmavir (U-140690 or PHU-140690 from Phaimacia & Upjohn) using the phenoKc 
t^droxyl group; 

TMenopyridCON thienyl urefhane derivatives (HOCH2CH2 isostere firam Lilly) (the 
benzyl substituted derivative or the methyl mercaptophenyl substituted 
derivatives) using the free secondaiy hydroxyl groups; 

SDZ PRI 053 (Sandoz) using the free secondaiy hydroxy] group; 

SD146 (DuPont Merck) using either of the free secondaiy hydroxyl groups; 

Telinavir .(SC-52151 from Searle/Monsanto) using the fr^ secondaiy hydroxyl group 
or amine; 

(R)2QuinCOAsDPhe[CHOHCH2]PipCONHtBu (from Roche) using the free 

secondary hydroxyl group or amine; 
Saquinavir (Invirase or RO 31-8959 from Roche) using the free secondaiy iydroxyl 

group or amine; 

Saquinavir/Melfinavir derivative (from Lilly) using the free secondaiy hydroxyl 
group; 

IsoquinCON Thf-Hf Urefliane Analog (from Meick) using the free secondaiy 
hydnwQrl group; 

IsoquinCON thi^yl ureihane analog (from l^ck) using the free secondaiy hydroxyl 

R-87366 (AUPBA analog from Sankyo) using die free amine group; 

DMP 460 (Dupont Merck/Avid) usuig the free secondaiy hydroxyl groups or either of 

the aniline amine gioups; 
L685,434 (Merck) using the free secondary hydroxy! group; 
L685,434-6-Hydroxyl derivative (Merck) usmg the free secondaiy hydroxyl group; 
L685,434-OEtNMe2 (Meick) using the free secondaiy hydroxyl group; 
L685,434-OPrMoiph derivative (Merck) using the free secondaiy hydroxyl group; 
L689,502 (Merck) using the free secondary hydroxyl group; 
Lasmavir (CXjP 61755 from CIBA/Novartis) using the free secondaiy hydroxyl 

Aluviran (Lopinavir, ABT-378, RS-346 A157378 of Abbott) using flie free secondaiy 
hydroxyl grot^; 

NelJBnavir-octahydro-tliienppyridine analog (from Lilly) using the free secondaiy hydroxyl 

group; 

P9941 (from DuPotMeidc) using either of the jGte secondary hydroxyl groiq)S^ 
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Palinavir (BILA 2011 BS from BIO>MEGA/Boebimger Ihgelheiin) using Ihe free sec 
hydroxy] group; 

PCTicfllm, 2Isoqum-OHPlNH2 analog (from Glaxo WellcQme) using the free secondary 
hydroxy! ffoapy among numerous others. 



The above active compounds, and other relevant bioactive agents for use in the dual 
antagonist aspect of the present invention may be found at the NIH website at 
http://www.niaid.nih.gov/daids/dtpdb/, relevant portions of which are incorporated by 
reference herein. Although not necessary or critical, it is preferred in the dual antagonist 
aspect of the present mvention that the two active agents which form the dual antagonist 
have different mechanisms of action such as reverse transcriptase inhibition, protease 
inhibitian, zinc finger inhibition, TAT inhibition, integrase inhibition or other inhibitory 
activity. Noted here is the fact that each of the above-described agents, without limitation, 
may be co-administered with any one or more of the compounds according to the present 
invention without being ch^ically linked. 

The term **effective" is used herein, unless otherwise indicated, to describe an 
amount of a compound which, in cont^ is used to produce or effect an intended result, 
whether that result relates to the treatment of a viral disease state, disorder or condition 
associated with a viral disease or alternatively, is used to produce another conq)ound, agent 
or composition. This term subsumes all other ejffective amount or effective concentration 
terms which are otherwise described m the present application. 



The term "patient" is used throughout the specification to describe an atiimal ^ 
generally a mammal and prefembly a human, to whom treatment including prophylactic 
treatment, wifii the compositions according to the present invention is provided. For 
treatment of those infections, conditions or disease states which are specific for a specific 
animal such as a human patient, the term patient refers to that specific animal. 



The term "virus" shall be used to describe all types of viruses, the growfli or 
replication of which may be inhibited or disease states of which may be treated using one or 
more methods accordmg to the present inventioiL Viruses which may be treated according to 
the present invention inchide, for example, human immunodeficiency vhuses 1 and 2 (HIV-1 
and HIV-2), human T-cell leukemia viruses 1 and 2 (HTLV-1 and HTLV.2), respiratory 
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syncytial virus (RSV), human papiDoma vims (HPV), adenovirus, hepatitis B virus (HBV), 
hepatitis C virus (HC V), Epstein-Baxr virus (EBV), varicella zoster virus (VZV), 
cytomegalovirus (CMV), herpes shnpl©c viruses 1 and 2 (HSV-1 and HSV-2), human heipes 
vims 8 (HHV-8, also known as Kaposi's sarcoma-associated vims) and flavivinises, 
including Yellow Fever virus. Dengue virus, Japanese Encephalitis and West Nile viruses, 
among numerous others. 

The term "human immunodeficiency virus" shall be used to describe human 
immunodefiiciency virus (HTV) and its infections, which term shall be used to embrace both 
human unmunodeficieny virus 1 ^HV-l) and human immunodeficiency virus 2 (HIV-2). 

The term 'liuman T-ceD leukemia vhns" shall be used to describe human T-cell 
leukemia virus and its infections, which term shall be used to embrace both human T-cell 
leukemia virus 1 (HTLV-l) and human T-cell leukemia virus 2 (irrLV-2). 

The term 'Hepatitis B Virus (HBY)" is used to describe the virus (serum hepatitis 
virus) which produces viral heptatis type Bm humans. This is a viral disease with a long 
incubation period (about 50 to 160 days) in contrast to Hepatitis A virus (infectious hq>atitis 
vims) which has a short mcubation period. The virus is usually transmitted by injection of 
infected blood or blood derivatives or merely by use of contaminated needles, lancets or other 
mstnmients. Clinically and pathologically, the disease is sunilar to viral hepatitis type A; 
however, there is no cross-protective immunity. Viral antigen (HBAg) is found in the serum 
after infection. 

The term •Herpes Simplex Vhus" (HSV) is used throughout fee specification to 
describe HSVl and HSV 2 w*ich are the causative viral agents of Heipes infections, 
including genital Heipes infections. 

The term "Hepatitis C Virus (HCV)" is used throughout the specification to describe 
the hepatitis virus which is fee causative agait of non-A, non-B hepatitis. The disease m fee 
acute stage is, in general, milder than hepatitis B, but a greater proportira of such mfections 
become chronic. 



13 



wo 2005/011709 



PCT/US20M/004713 



The term "Epstein-Bair vims (EBV)" is used throughout the specification to describe 
a herpetovinis found in cell cnltmes of Burldtts lymphoma. EBV is the causative agent in 
infectious mononucleosis, as well as iu a number of other related conditions/disease states, 
including EBV-associated lymphomas. 

The term 'Yaricella-Zoster virus (VZV)" is used to describe Herpes virus varicellae, 
also known as chicken pox or heipes zoster. Varicella results from a primary infection with 
the virus; herpes zoster results from secondary invasion by the same or by reactivation of 
mfection which in many instances may have been latent for a number of years. Bofb the 
primary and secondary infections of VZV may be treated using compositions according to the 
present invention. 

The tern "respiratory syncytial virus (RSV)" is used throughout the specification to 
describe an KMA-containing virus of the genus Pneumovinis that causes minor respiratory 
infection with riiimtis and cough in adults, but is c^le of causing bronchitis and 
bronchopneumonia m young children. The vkus is named for the tendency to form syncytia 
in tissue culture. 

The tern "adenovirus" is used throughout the specification to describe a virus of the 
family adenoviridae which are double-stranded DNA-containmg viruses, which infect 
mammals and birds. The virion is 70 to 90 nm in diameter and is naked (has no envelope). 
The virus develops in nuclei of infected cells; isolation requires tissue cultures smoe 
laboratoiy annnals are not susceptible to apparent infection. The famfly mcludes two genera, 
Mastadenovirus and Acviadenovirus. 

The term "Human Herpes Virus 8 (HHV-Sr is used throughout the specification to 
describe a heipetovirus which is believed to be flie causative agent of Kaposis sarcoma in 
AIDS patients. 

The term "Human Papilloma Viru.s (HPV)" is used ftroughout the specification to 
describe a virus which causes genital warts. Also known as infectious warts virus, HPV is a 
universal, common, often recurrent viral infection with a large number of serous. HPV 
infection can lead to the formation of genital warts which can, in turn, lead to genital and/or 
cervical cancer. Genita] warts caused by HPV types 1, 2, 6, 11, 16 and 18 are generally 
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transmitted sexually and are often associated witii cervical and/or genital cancer. HPV may 
mature to produce a papillary tumor or wart, which is a circumscrfted bcaiign epithelial tumor 
projecting from tiie surrounding surfece. It is generally a benign epithelial neoplasm 
consisting of villous or arborescent outgrowths of fibrovascular stroma covered by neoplastic 
cells. 

The term '*flavivirus" is used tiiroughout the specification to describe viruses 
belonging to the genus Flavivirus of the family Togaviridae. According to virus taxonomy, 
about SO viruses including Hepatitis C virus (HCV), Yellow Fever vinis. Dengue Virus, 
Japanese Encephalitis virus. West Nile virus and related flaviviruses are members of this 
genuis. The viruses belonging to the genus Flavivirus are simply called flaviviruses. These 
viruses were formerly classified as group B aibovkuses. The flaviviruses are agents of 
infectious disease and predominate m East Soufteast and South Asia and Afiica, although 
they may be found in other parts of the world as well. 

The tenn "Yellow Fever virus** is used to describe the flavivirus which is the 
causative agent of yellow fever. YeUow fever is a tropical mosquito-bome viral hepatitis, 
due to Yellow Fever vims (YFV), with an urban form transmitted by Aedes aegypti^ and a 
rural, jungle or sylvatic form from tree-dweUing mammals by various mosquitos of fiie 
Haemagogiis species complex. Yellow fever is characterized clinically by fever, slow pulse, 
albuminuria, jaundice, congesion of the face and hemorrhages, especially hematemesis (black 
vomit). It is fetal m about 5-10% of the cases. 

The term "Dengue virus" is used throughout the specification to descibe flie flavivirus 
which is the causative agent(s) of dengue fevei/dengue hemorrhagic fever. Dengue is a 
disease of tropical and subtropical regions occurring epidemically and caused by Dengue 
vims, one of a group of arboviruses which causes the hemorrhagic fever syndrome. Four 
grades of severity are recognized: grade I: fever and constitutional symptoms, grade IT: 
grade I plus spontaneous bleeding (of skin, gums or gastrointestinal tract), grade M: grade H 
plus agitation and circulatory feilure and grade IV: profound shock. Hie disease is 
transmitted by a mosquito of the genus Aedes (generally A. aegyptil, but fiequentty, A. 
albopicius). Also called Aden, bouquet breakbone, dandy, date, dengue (hemorrhagic) or 
polka, solar fever, stiffceck fever, scarlatina rheumatica or exanthesis arthorosia. 
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Hemoiihagic d^igue is a more pathogenic epidemic form of dengue which has enipted in a 
number of epidemic outbreaks in tbe Pacific region in recent years. 

The term ''pharmaceutically acceptable saltf' is used throughout the specification to 
descnbe a salt form of one or more of the compositions (and in particularly preferred aspects 
according to the present mvention, phosphate salts) herein which axe presentisd to increase the 
solubility of the compound in saline for parenteral delivery or in the gastric juices of the 
patient's gastrointestinal tract in order to promote dissolution and the bioavailability of the 
compounds. Pharmaceutically acceptable salts include those derived from pharmaceutically 
acceptable inorganic or organic bases and acids. Suitable salts include those derived from 
alkali metals such as potassium and sodium, alkaline earOi metals such as calcium, 
magnesium and ammonium salts, among numerous other acids well Imown in tibe 
pharmaceutical art Sodium and potassium salts are particularly preferred as neutralization 
salts of caifooxylic acids and free acid phosphate containing compositions according to the 
present invention. The tenn ''salt*' shall mean any salt consistent with the use of the 
compounds according to the present invention. In the case where the compounds are used in 
pharmaceutical indications, including the treatment of neoplasia, including cancer, the term 
"salf ' shall mean a pharmaceutically accq)table salt, consistent with the use of the 
compounds as pharmaceutical agents. 

The term "phaimaoeutically acceptable derivative" is used througihout the 
specification to describe any pharmaceutically acceptable prodrug form (such as an ester or 
ether or other prodrug group) which, upon administration to a patient, provides directly or 
indirectly the present compound or an active metabolite of fee present compound. 

The term "alkyl" shall mean within its context a C1-C20, preferably a Ci-<:io linear, 
branch-chained or cyclic fulfy saturated hydrocarbon radical. The term "efeer** shall mean a 
C 1 to Cm ether group, formed from an oxygen and an alkyl group at a position on the sugar 
moiety of compounds accordnig to the present mvention, or alternatively, may also contain at 
least one oxygen group within the &}kyl chain. 

The term "acyF* is used throughout the specification to describe a groiq) at the 5* 
position of the nucleoside analog (ie., at the free hydroxyl position in the sugar synfhon) 
which contains a Ci to C20 linear, branched or cyclic alkyl chain. The acyl group at the 5* 
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position, in combination with Ibe 5' hydroxyl group results in an ester, which, after 
administration, may be cleaved to produce the free nucleoside form of the present invention. 
Acyl groups according to the present invention are represented by the structure: 

O 
II 

R4C- 

where R4 is a Ci to C20 linear, branched or cyclic alkyl group, alkoacyalfcyl, aiyloxyalkyl, such 
as phenoxymethyl, aiyl, alkoxy, among others. Preferred acyl groups are those where R4 is a 
Ci to Cio alkyl group. Acyl groups according to the present invention also include, for 
example, those acyl groups derived &om benzoic acid and related acids, 3-chlorobenzoic 
acid, succinic, capric and caproic, lauric, myristic, pahnitic, stearic and oleic groups, among 
numerous others including mesylate groups. One of ordinary skill in the art will recognize 
the acyl groups which will have utility in the present mvention, either to synthesize the target 
pharmaceutical coinqpounds or as joodrug forms of the nucleosides according to the present 
invention. 



The term '"phosphate ester"' or ''phosphodiester" is used toougjiout the specification 
to describe mono-phosphate groups at the 5' position of flie dioxanyl moiefy or sugar synthon 
which are diesterified such that the phosphate group is rendered neutral, ie., has a neutral 
charge. Phosphate esters fiw: use in the present mvention include those resented by the 
stmctures: 

o o 

0 e 

Nmjieoside - P-O-R5 or Nucleoside - PO-IU 

1 I 

OR5 N-CH-R7 

I 

OOOR" 

where R5, and R" are selected from a C| to C20 linear, branched or cyclic alkyl group, 
alkoxyallQrl, aiyloxyalkyl, such as phenoxymethyl, aiyl and alkoxy, among others, and R7is a 
Ci to C20 linear, branched or cyclic aUcyl or acyl group, alkoxyallgrl, aryloxyalkyl, such as 
phenoxymediyl, aryl and alkoxy, among others. Preferred monophosphate esters for use in 
prodrug forms according to tlie present invention are those where R5 is a d to C20 is a linear 
or branched chain alkyl group, more preferably a Ci to C3 alkyl group. 
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The tenn ''protecting group'' or '"bloddng group" shall mean, within its context, a 
chemical group or moiety which is used to prevent an otherwise active moiety such as an 
amine» hydroxyl or mercapto group from reacting in a given reaction scheme and which is 
readily removed under mild conditions which do not otherwise undesirably affect the 
molecule or compound to which the protecting group is bonded. In the present invention, 
numerous protecting groups may be used to produce con^unds according to the present 
invention, preferred groups include the benzoate group to protect or block a primary or 
secondary hydroxyl group and silyl groups (in particular, a tertiary butyl dimethyl silyl, a 
tertiary butyl diphenyl silyl group or a trhnethylsilyl group or a related silyl protecting group) 
to block primary (or secondary) hydroxyl groups. One of ordinary skill in the art will 
recognize the various protecting groups which may be utiUzed within context in producing 
compounds and intermediates according to the present invention. 

The term ''iuhibitoiy effective concentration" or ''inhibitory effective amount" is used 
throughout the specijScation to describe concentrations or amounts of compounds according 
to the present invention which substantially or sigoificantiy inhibit the growth or replication 
of susceptible viruses, especially including human hnmunodefidency viruses 1 and 2 (HIV-1 
and HrV-2), human T-cell leukemia viruses 1 and 2 (HTLV-1 and HTLV-2), re^iratory 
syncytial vims (RS V), human papilloma virus (HPV), adenovirus, hepatitis B virus (HB V), 
hepatitis C virus (HC V), Epstein-Barr vims (EBV), varicella zoster virus (VZV), 
cytomegalovirus (CMV), herpes simplex virases 1 and 2 (HSV-1 and HSV-2), human herpes 
virus 8 (HHV-8, also known as Kaposi's sarcoma-associated vims) and flaviviruses, 
including Yellow Fever virus. Dengue virus, Japanese Encephalitis and West Nile viruses^ 
among numerous ofliers. 

Hie term "preventing effective amounf is used fhrou^out the specification to 
describe concentrations or amounts of compounds according to the present invention which 
are prophylactically effective in preventing, reducing the likelihood of infection or delaying 
the onset of infections in patients caused by human immunodeficiency viruses 1 and 2 (HIV- 
1 and HIV-2), human T-cell leukemia viruses 1 and 2 (HTLV-1 and HTLV-2), respiratory 
syncytial virus (RS V), human papilloma virus (HPV), adenovirus, hq)atitis B virus (HBV), 
hepatitis C vims (HCV), Epstem-Barr virus (EBV), varicella zoster vims (VZV), 
cytomegaloviras (CMV), herpes sm:q)lex viruses 1 and 2 (HSV-1 and HSV-2), human herpes 
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vims 8 (HHV-8, also Icnown as Kaposi's sarcoma-assodated virus) and flavivinises, 
including Yellow Fever virus. Dengue virus, Japanese Encephalitis and West Nile viruses, 
among numerous others. 

The term "coadministration" or "combination therapy" is used to describe a therapy m 
which at least two active compounds in effective amounts are used to treat a viral infection at 
the same time. Although the term coadministration preferably mcludes the administration of 
two active compounds to the patient at the same tune, it is not necessary that the compounds 
be administered to the patient at the same time, although effective amounts of the individual 
compounds will be present in the patient at the same time. Compounds according to the 
present invention may be administered with one or more anti-viral agent, including anti-HIV 
agents such as nucleoside reverse transcriptase inhibitors (NRTl), non-nucloeoside reverse 
transcriptase uihibitors, protease inhibitors, iusion inhibitors, among others, exemplary 
compounds of which may mchide, for example, 3TC (Lamivudme), AZT (Zidovudme), (-)- 
FTC, ddl (Didanosine), ddC (zalcitabine), abacavir (ABC), tenofovir (PMPA), D-D4FC 
(Reverset), D4T (Stavuduie), Racivir, L-FddC, L-FD4C, NVP (Nevirapine), DLV 
(Delavirdine), EFV (Efavirenz), SQVM (Saqumavir mediate), RTV (Ritonavir), IDV 
(Indinavir), SQV (Saqumavir), NFV Q^lelfinavir), APV (Amprenavir), LPV (Lopinavir), 
fusion inhibitors such as T20, among otheis, fuseon and mixtures hereof, including anti-HdV 
compounds presently in clinical trials or in development Coadmhustration also embraces the 
administration of dinucleoside analogs (i.e., compounds wherein at least two biologically 
active nucleosides are chemically linked via a chemical linker such as, for example, without 
limitation, phosphate groups or carboxylate groups, among others) or other dual antagonists, 
where at least one of the active nucleoside compounds of the dumcleoside compound is a 
compound as otherwise described herein. 

Compounds according to flie present invention may be used in pharmaceutical 
coir^ositions having biological/pharmacological activity for the treatment o:^ for example, 
viral infections, as well as a number of other conditions and/or disease states which may 
appear or occur secondary to the viral mfection. These compositions comprise an effective 
amount of any one or more of the compounds disclosed hereinabove, optionally in 
combination with a pharmaceutically acceptable additive, carrier or excipient. Compounds 
according to the present invention may also be used as intermediates in the synthesis of 
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compounds exMbitiiig biological activity as weU as staixkida for detennimng &e biological 
activity of the present compounds as weU as other biologically active compounds. 

The compositions of the present invention may be fomiulatBd in a conventional 
manner using one or more phannaceutically acceptable carriers. Phannaceutically acceptable 
carriers that may he used in these pharmaceutical compositions include, but aie not limited to, 
ion esxchangeis, alumina, aluminum stearate, lecithin, serum proteins, such as human serom 
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium soibate, 
partial glyceride mixtures of saturated vegetable fe«y acids, water, salts or electrolytes, such 
as prolamine solfete, disodimn hydrogen phosphate, potassium hydrogen phosphate, sodium 
chloride, zinc salts, ooUoidal silica, magnesium trisilicate, polyvinyl pyrroUdone, celhilose- 
based substances, polyefliylene glycol, sodium carboxymethylcellulose. polyaciylates. waxes, 
polyefhylene-polyQxypropylen&4)lock polymers, polyethylene glycol and wool fat 

The compositions of the present invention may be administered orally, parenteiaUy, 
by inhalation spray, topically, rectally. nasaUy, buccally. vaginally or via an implanted 
reservoir. Ihe term "parenteral" as used herein mcludes subcoteneous, intravenous, 
intramuscular, intra-articular, intra-synovial, intrasteinal, intrathecal, 
inlralesional and intracranial injection or infusion techniques. Preferably, flie compositions 
are administered orally, intiaperitoneally, or inliavenously. 



Sterile in jectable fomis of the compositions of this invention may be aqueous or 
oleagmous suspension. These suspensions may be formulated according to techniques known 
in the art using suitable dispersing or wetting agents and suspending agents. The sterile 
injectable preparation may also be a sterile injectable solution or suspension in a non-toxic 
parenterally-acceplable diluent or solvent, for example as a solution in l,34mtanediol. 
Among die acceptable vehicles and solvents that m^ be engjloyed are water. Ringer's 
soktion and isotonic sodium chloride solution. In addition, sterile, fixed oUs are 
conventionaUy employed as a solvent or suspending medium. For this purpose, any bland 
fixed oil may be enqiloyed including synthetic mono- or di-glycerides. Fatty acids, such as 
oleic acid and its glyceride derivatives are use&l in the preparation of injectables, as are 
natmal phaimaceutically-acceptable oils, such as olive oil or castor oil. especiaUy in their 
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain 
aIc(*ol diluent or dispersant, such as Ph. Helv or similar alcohol. 
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The phamiaceDtical compositions of this invention may be orally administered in any 
orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous 
suspensions or solutions. In the case of tablets for oral use, caxrieis which aie commonly used 
include lactose and com staick Lubricating agents, such as magnesium stearate, are also 
typically added. For oral administration in a capsule form, useful diluents inchide lactose and 
dried com starch. When aqueous suspensions are required for oral use, the active ingredient is 
combined witli emulsifying and suspending agents. If desired, certain sweetening, flavoring 
or coloring agents may also be added. 

Alternatively, the pharmaceutical compositions of this invention may be administered 
in the forai of suppositories for rectal administration. These can be prepared by mixing the 
agent with a suitable non-irritating excipient which is solid at room temperature but liquid at 
rectal temperature and therefore will melt m flie rectum to release the dmg. Such materials 
include cocoa butter, beeswax and polyethylene glycols. 

. The phamiaceutical compositions of this invention may also be admmistBred topically, 
especially when the target of treatment mcludes areas or organs readily accessible by topical 
application, including diseases of tiie eye, flie skin, ox the lower intestinal tract Suitable 
topical formulations are readily prepared for each of these areas or organs. 

Topical application for the lower intestinal tract can be effected in a rectal suppository 
formulation (see above) or in a suitable enema formulation. Topically-transdamal patches 
may also be used. 

For topical applications, tiie pharmaceutical compositions may be formulated in a 
suitable ointment containing the active component suspended or dissolved in one or more 
carriers. Carriers for topical administration of the compounds of this invention include, but 
are not limited to, min^al oil, liquid petrolatum, white petrolatum, propylaie glycol, 
polyoxyefhylene, polyoxypropylene conqx)und, emulsifying wax and water. Alternatively, 
the pharmaceutical compositions can be formulated in a suitable lotion or cream containing 
die active components suspended or dissolved in one or more pharmaceuticaHy acceptable 
carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan monostearate, 
polysorbate 60, cetyl esters wax, cetearyl alcohol, l-octyldodecanol, ben2yl alcohol and 
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water. 

For ophtlialinic use^ the pharmaceutical compositions may be formulated as micronized 
suq)ensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in isotonic, pH 
adjusted sterile saline, either with or without a preservative such as benzylalkonium chloride. 
Alternatively, for ophthalmic uses, the pharmaceutical compositions may be foimnlated m an 
ointment such as petrolatum. 

The pharmaceutical compositions of this invention may also be administ^ed by nasal 
aerosol or inhalation. Such compositions are pr^ared according to techniques well-known in 
the art of pharmaceutical formulation and may be pr^ared as solutions in saline, employing 
benayl alcohol or other suitable preservatives, absorption promoters to enhance 
bioavailability, floorocafbons, and/or other conventional solubilizing or dispersing agents. 

The amount of novel nucleoside of fte instant invention lhat may be combined with the 
carrier materials to produce a sipgle dosage form will vary depending upon the host treated, 
the particular mode of administration. Preferably, the compositions should be formulated so 
that a dosage of between about 0.01 and 150, preferably about 0.5 to about 25 mg/kg of 
patient/day of the iK>vel nucleoside can be administered to a patient receiving these 
compositions. 

It should also be understood that a specific dosage and treatment regimen for any 
particular patient will depend upon a variety of fectors, includmg the activity of flie specific 
compound employed, the age, body weight, general health, sex, diet, time of administration, 
rate of excretion, drug combination, and tiie judgment of the treating physician and the * 
severity of the particular disease or condition being treated. 

Administration of the active compound may range fiom continuous (intravenous dr^) 
to several oral administrations per day (for example, Q.LD.) and may include oral, topical, 
parenteral, intramuscular, intravenous, sub-cutaneous, transdermal (which may include a 
penetration enhancement agent), buccal and suppository administration, among oflier routes 
of administration. Enteric coated oral tablets may also be used to enhance bioavailability of 
the compounds from an oral route of administration. The most effective dosage form will 
depend upon the pharmacokinetics of the particular agent chosen as well as the severity of 



22 



wo 2005/011709 PCT/US2004/004713 

disease in the patient Oral dosage forms are particnlarly preferred, because of ease of 
admnistratton and prospective favorable patient compliance. 

To prepare Uie pharmaceutical compositions according to the present invention, a 
therapeutically effective amount of one or more of tiie compounds according to the present 
invention is preferably intimately admixed wifli a pharmaceuticaily acceptable carrier 
according to conventional pharmaceutical compounding techniques to produce a dose. A 
carrier may take a wide variety of forms depending on the form of preparation desired for 
admimstration. e.g., oral or parenteral Li preparing pharmaceutical coiripositions in oral 
dosage form, any of the usual pharmacwtical media may be used. Thus, for liquid oral 
preparations such as suspensions, elixirs and solutions, suitable carriers and additives 
including water, gjycols, oils, alcohols, flavouring agents, preservatives, colouring agents and 
the like may be used. For solid oral preparations such as powders, tablets, capsules, and for 
solid preparations such as suppositories, suitable carriers and additives inchiding starcbes, 
sugffT carriers, such as d^ose, mannitol, lactose and related carriers, dihients, granulating 
ag^ts, hibricants, binders, disintegrating agents and the like may be used. If desired, the 
tablets or capsules may be enteric-coated or sustained release by standard techniques. The 
use of these dosage forms may significantly the bioavailability of the compounds in tiie 
patient 

For parenteral formulations, the carrier will usually comprise sterile wafo or aqueous 
sodium chloride solution, though other ingredients, including those which aid dispersion, also 
may be included. Of course, where sterile water is to be used and maintained as sterile, the 
compositions and carriers must also be sterilized. Injectable suspensions may also be 
prepared, in which case appropriate liquid carriers, suspending agents and the like may be 
employed. 

Liposomal suspensions (includmg liposomes targeted to viial anti^ns) may also be 
prepared by conventional methods to produce pharmaceuticany acceptable carriers. This 
may be appropriate for the delivery of fiee nucleosides, acyl/alkyl nucleosides or phoq>hate 
ester pro-drug forms of the nucleoside compounds according to the present invention. 

In particularly preferred embodiments according to the present invention, the 
compounds and compositions arc used to treat, prevent or delay the onset of viral infections 
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of mammals and m particular HIV, HBV, HSVl and/or H, EBV, HHV-8 aiid flavivirus 
infections, among otbeis. la its prefened embodiments. Has compomids ate used to treat 
HIV, HSV I and/or II, HBV, EBV or HHV-8 infections, especiaUy HIV infections in humans. 
Prefi^bly, to treat, prevent or delay the onset of a viral infection, the compositions will be 
administered in oral dosage fonn in amounts ranging from about 250 micrograms iq> to about 
500 mg or more at least once a day, preferably, up to four times a day, within the dosage 
range used for therapeutic treatment The present compounds are preferably administered 
orally, but may be administered parenteraUy, topically, in suppository or other form. 

The compounds according to the present invention, because of their low toxicity to 
host cells, may advantageously be employed prophylactically to prevent a viral infection or to 
prevent the occurrence of clinical symptoms associated with the viral infection, for example 
AIDS secondary to HIV, lymphoma secondary to EBV or Kaposi's sarcoma secondary to 
HHV-8. Thus, the present invention also encompasses methods for the prophylactic 
treatment (preventing, reducing the likelihood or delaying the onset) of viral infections, and 
in particular HTV and EBV and in particular, conditions which occur secondary to those 
viruses. In this aspect according to the present invention, the present conq>ositions are used 
to prevent reduce ttie likelihood of or delay the onset of a viral infection, inpartk;ular, HIV» 
HSV, EBV or another virus infection or a virus related disease or condition such as AIDS or 
EBV-related lynq>homa or Kaposi's sarcoma (HHV-8)* This prophylactic method conqmses 
administering to a patient in need of such treatment or who is at risk for the development of 
an HIV, EBV, HHV-8 or other viral infection, an amount of a conopound according to tiie 
present mv^tion effective for alleviating, preventing or delaying the onset of the the viral 
infection. In the prophylactic treatment according to tiie present invention, it is prefened that 
the antiviral compound utilized should be as low in toxicity and preferably non-toxic to the 
patient It is particularly prefwed in this aspect of the present invention that the compound 
which is used should be maxunally effective against the virus and should exhibit a minhnum 
of toxicity to fiie patient In Ihe case of compounds of the present invention for the 
prophylactic treatment of viral infections, these compoimds may be administered within the 
same dosage range for Ihers^utic treatment (as described heremabove, as a prophylactic 
agent to prevent the proliferation of the viral irxfection or alternatively, to prolong the onset of 
or reduce the hkelihood of a patient contracting a vims infection which manifests itself in 
clinical symptoms. 
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In addition, compounds according to liie present invention xmy be administered alone 
or in combination with other agents, including other conq)ounds of die present invention. 
Certain compomids according to the present invention may be effective for enhancing the 
biological activity of certain agents according to the present invention by reducing the 
metabolism, catabolism or inactivation of other compomids and as such, are co-administered 
for this intended effect 

As indicated, compounds according to the present invention may be administezed 
alone or in combination with other anti-viral agents for the treatment of a virus infection as 
otherwise described herein, especially including other compounds of the present invention or 
compounds which are otherwise disclosed as being useful for the treatment of HIV or 
flavivirases, including those presently used to treat HIV such as nucleoside reverse 
transcriptase inhibitois (NRTQ, non-nncloeoside reverse transcriptase inhibitors, protease 
inhibitors, fusion inhibitors, among others, exemplary compounds of which may include, for 
example, 3TC (Lamivudine), AZT (Zidovudme), (-)-FTC, ddl GMdanosine), ddC 
(zalcitabine), abacavir (ABC), tenofovir (PMPA), D-D4FC (Reverset), D4T (Stavudine), 
Racivir, L-FddC, L-D4FC, NVP (Nevnapine), DLV (Delavirdine), EFV (Efevirenz), SQVM 
(Saquinavir mesylate), RTV (Ritonavir), IDV (Indmavir), SQV (Saquinavir), NFV 
(NfeljBnavir), AP V (AnqnrenavirX LPV (Lopinavir), fusion inhibitors such as T20, among 
others, fiiseon and miTctures thereof including anti-HTV compounds present^ in clinical trials 
or in development, among others as well as conqsounds which are disclosed in inter alia, U»S. 
patent numbers 6,240,690; 6,316,505; 6,316,492; 6,232,120; 6,180,604; 6,114,327; 
5,891,874; 5,821,242; 5,532,215; 5.491,135; 5,179,084; and 4,880,784, among others, 
relevant portions of which are incorporated by reference herein. 

The compounds disclosed in the above-referenced patents may be used in 
combination witii the present conopounds for their additive activity or treatment profile 
a^inst HIV and/or other viruses and in certain instances^ for their ^eigistic effects in 
combination wifli conipounds of tiie present inventioiL Preferred secondary or additional 
conqpounds for use with the present conipounds are those which do not inhibit HIV or 
another virus. Certain compounds according to the present invention may be effective for 
enhancing the biological activity of certain agMits according to the present invention by 
reducing the metabolism or inactivation of other compounds and as such, are co-administered 
for this intended effect. 
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The present iDvention is now desciibed, pinely by way of illustration^ in the following 
examples. It will be understood by one of ordinary skill in the art that these examples are in 
no way limiting and that variations of detail can be made without departing from the spirit 
and scope of the present invention. 

Chemistry 

The novel compounds of the instant invention were generally prepared in the manner 
following the general synthetic description set forfli in Figures 4-7C. The remaining 
compounds may be readily syntiiesized by analogy. In general, the nucleoside analog (Le.» a 
compound containing the base and sugar synthon) is prepared initially and the corresponding 
4' group is introduced as depicted generally in Schemes A and B and as otherwise described 
in the experimental. Chieofordinaiy skill will readily be able to synthesize compounds 
according to the present invention by analogy following the synthesis presented in the 
experimental without engaging in undue experimentation. 

As set forth in figure 4, the 5'-iodo,3'-0-blocked 2'--deoxynucleoside is converted to a 
4*S*-vinyl blocked nucleoside 2 which is then converted in a series of steps through a 4'S'- 
oxirane blocked nucleoside 4 to the 4'-vinyl compound TDK-4-152. As set forth in Figure 5, 
TKD-4-1 14 is synthesized from a 5'-iodo-3'-0-blocked nucleoside compound 7 by forming 
the 4^5'-vinyl compound 8, introducing tbe ethynyl group at the 4'-position of the blocked 
nucleoside to form nucleoside 10a and then ultimately forming the 2'.3' unsaturated double 
bond through elimination of a mesylated hydroxyl group at the 3' position of compound 13. 
Other compounds according to the present invention are synthesized by analogy using the 
above-described chemical schemes. 

Figure 5A shows an alternative synthesis of TDK-4-1 14 from intermediate 9 of Figure 
5. In this aspect of the invention, intermediate 9 is reacted with lead benzoate Pb(OCOPh) or 
lead tetraacetate Fb(OAc)4 in a scavenging base such as triethyl amine, 
diisopropylethylamine, or pyridme in an appropriate solvent to produce the 4'5'-diacyl 
(benzoyl or acetyl) blocked nucleoside 2 (Figure 5A), depending upon the lead (Pb) acylating 
agent used. Introduction of a 4 'ethynyl group proceeds tiurough intermediate blocked 
nucleoside 2 by action of aluminum acetylene agent EtAl(Cl)-CsSiMe3 (See Figure 5 A) in a 



26 



wo 2005/011709 PCT/US2004/004713 

solvent to produce 4'acetylene nucleoside conxpound 3 (Figure 5A). Synthesis of TKD-4- 
1 14 proceeds in a straightforward manner by elimination of the mesylated hydroxyl group to 
form the 4'-ethynyI-2',3 ' unsaturated nucleoside compound 7. Note that intemiediate 3 of 
figure 5A (and SB) may alternatively be synthesized £rom the 4',5'vinyl blocked nucleoside 
compound 1 of Figures 5A and SB (identical to compound 9 of Figure S) by a two step 
reaction to form the di-0-benzoyl compound 3 (or di-O-acetyl) of Pigure SB using a first step 
of iodine and silver benzoate (sHver acetate) in solvent to fomi intemiediate 2 (Figure SB) 
which can be reacted further wifli silver benzoate (silver acetate) in solvent at elevated 
temperature to form intemiediate 3 (or the di-O-acetyl compoimd by analogy). 

The chemical synthetic scheme in Figure 6 exenaplifies the synthesis of the 
unsaturated cafbocyclic analog EMA-23-1S3 (Figure 6) from cyclopentanone ester I (Figure 
6) which proceeds through a number of intermediates to fomi intermediate 8 (Figure 6) which 
can be condensed with a nucleoside base to form intermediate 9 wbeiein tibie 4* est^ can be 
converted to the 4'-etiiyn34 compound 10 followed by removal of the 5* blocking group to 
produce KMA-23-153. 

Figure 7A shows the chemical synthesis of 4'-ethynyl-2'-deoxy nucleoside 
compounds foUowing the general method of Nomura, et al., J. Med, Chem,^ 42, 2901-2908 
(1999) by introducing a halogenated vinyl group at the 4' position of the nucleoside which 
undergoes dehydrohalogenation to form the 4'>ethynyl nucleoside compound 8 (Figure 7A). 
Figure 7B shows the synthesis of the 4'-ethynyl-2'-deoxy nucleoside from a readily 
available sugar precursor 9 (Figure 7B) which proceeds through the introduction of a 4'- 
lialogenated vinyl group to a 4'-fonnyl group of the sugar synthon 10 to fbrai 11 (Figure 7B) 
followed by dehydrohalogenation, introduction of the nucleoside base and eventual 
conversion of the 2' hydroxyl group in a series of steps to fonn compound 18. Figure 7C 
Scheme 3 shows the introduction of a 2',3 ^-double bond in a 4*-ethynyl analog by mesylating 
the 3 'OH group followed by reacting mesylated mtecmediate with strong base to produce the 
double bond at the 2^3 * position of the sugar. 

Following one or more of the above-described syrrihetic metiiods and usmg routine 
synthetic methods well-known in the art, one of ordinary skiU may readily produce 
compounds according to die present invention. 
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Sfiecific Examples 

Chemical Synthesis follomng Schemes A and B In Figure 5 and Figore 6 
Synthesis of TKD-4-152 (Figure 4) 

TKIM-152 (4*-aIlylfhyimdine) was synthesized by a series of reactions shown in Figure 5, 
Scheme A, starting jGcom compoimd 1 which was prepared according to the pubUshed 
procedure: J. P. tt Verheyden and J. G. Moffett, / Org, Chem., 39, 3573-3579 (1974). 

l-[3-0-<^BtttyIdimethy]s9yi)-2,5-dideoxy-|3-D-£'/jc£r^-pent-^ (3) 
To an CH3CN (150 mL) solution of 1 (1 1.9 g, 30.19 mmol) was added DBN (11.2 mL, 90.57 
nunol)atO ^Cunder At atmoqiheiey and the whole was stizied at room tempemture 
overnight After neutralization with AcOH, the reaction mixture was evqiorated to dryness 
and the residue was partitioned between CHGs/saturated aqueous NaHCXDa (200 mL x2/50 
mL). Silica gel column chromatography (hexane/ AcOEt = S/1-1/2) of the organic layer gave 
2 (6.98 g, 87%) as a foam. Compound 2 (6.90 & 25.92 mmol) was treated wift saturated NH3 
in MeOH (350 mL) at O^'C ovemight. The reaction mixture was evaporated to diyness and 
dried overnight in vacuo. To a DMF (60 mL) solution of the residue were added imidazole 
(5.29 g, 77.75 mmol) and /er^butyldimethyIsilyl chloride (7.81 g, 51.83 mmol) at O'C under 
Ar atmosphere, and the mixture was stirred at room temperature overnight The reaction 
mixture was partitioned between AcOEtyHaO (300 mL/lOO mL x S). Silica gel column 
chromatography (hexane/AcOEt= 10/1-3/1) of the organic layer gave 3 (7.87 g, 90%) as a 
foam: UV(MeOH)Anu« 264 mn (8lll00),Xmin.234nm (e4900); ^H]vJMR(CDCl3)60.13 (6H, s, 
SiMe), 0.91 (9H, s, SiBu-0, 1.94 (3H, d, ^6^= 1.2 Hz, Me), 2.13-2.20 (IH, m, H-2*a), 2.40 
(IH, ddd, Jgem = 13.6 Hz, = 3.4 Hz and /r^»b= 6.2 Hz, H-2T)), 4.24 (IH, d, = 2.0 
Hz, H-5'a), 4.54 (IH, d, /gem = 2.0 Hz, H-5'b), 4.75 (IH, dd, = 6-0 and /2'.w' = 3.4 Hz, 
H.30, 6.49 (IH, t,/r^.a=/r;2^== 6.2 Hz,H-r), 6.98 (IH, d, J6^e= 1.2 Hz, H-6), 8.47 (IH, 
br, NH); FAB-MS wiA 339 (M^'+H). AnaL Calcd for Ci6H26N204Si: C, 56.78; H, 7.74; N, 
8.28. Found: C, 57.04; H, 7.99; N, 8.14. 
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3'H9-(^BuiyIdimetbylsflyI)tfayiiiidine 4',S'-^oxide (4)To a CH2CI2 (3 mL) solution of 3 
(20 mg, 0.059 inmol) was added dime^ldioxiiane (0.072 M in acetone, 1.2 mL, 0.089 
mmol) at -30 °C under Ar atmosphere, and fhe leaction mixture was stined for 30 min at -30 
X. Evqwialion of the solv«its gave 4 as a solid: ^HNMR (CDQs) 50.09, 0.IO (6H, each as 
s, SiMe), 0.90 (9H, s, SiBu-/), 135 (3H, d, Jsj^- 13 Hz, Me), 225 (IH, ddd, J^em = 14.0 Hz, 
/ra^' = 4.9 Hz and /r^>a= 7.1 Hz, H-2'a), 2.52 (IH, ddd, Jgem = 14.0 Hz, Jr\^' = 1 .6 Hz and 
Jr;j'b- 62 Hz, H^21)), 3.07 (IH, d, = 3.3 Hz, H-S'a), 3.36 (IH, d, Jg«n = 3.3 Hz, H-51>), 
4.26 (IH, dd, = 4^9 and J2Mv3*= 1-6 Hz). 6.12 (IH, dd, Jr;i.a= 7,1 Hz and Jr^»b= 6.2 Hz, 
H-l"), 727 (IH, d, /6>te= 1.3 Hz^ H-6), 9.06 (IH, br, NH); FAB-MS m/z 355 (M^+H). 

3*-0-(r-ButyldunethylsUyl)-4'-a-aUyltfaymidme (5)To a CH2CI2 (5 mL) solution of 3 (80 
mg, 0.24 nunol) was added dimethyldioxirane (0.098 M in acetone, 3.6 mL, 0.36 mmol) at 
-30 X under Ar atmosphere, and the mixture was stirred for 30 min at -30 ^'C. The solvents 
were evaporated and the residue was dried in vacuo for 1 h to give 4. To a CH2CI2 (5 mL) 
solution of 4 were added allyltrimetbylsilane (0.1 1 mL, 0.71 mmol) and SnCU (1 M in 
CH2Cl2» 0.71 mL, 0.71 mmol) at -30 under Ar atmosphere, and the mixture was stirred 
for 4 h at -30 °C. After being quenched with saturated aqueous NaHC03, the reaction 
mixture was filtered through celite pad. The filtrate was partitioned between CHCls/saturated 
aqueous NaHCOa (60 mL x3/20 mL). The organic layer was evaporated to dryness and the 
residue was treated with saturated NH3 in MeOH (30 mL) at room temperature for 12 h. 
Evaporation followed by preparative TLC (hexane/EtOAc = 2/3) purification of the organic 
layer gave 5 (75 mg, 80%) as a foam: UY(MeOH)X^ 267 nm (8l2700),3^fe 235 ran (s5900); 
'H NMR (0X33)50.08, 0.08 (6H, each as s, SiMe), 0.89 (9H, s, SiBu-0, 1 87 (3H, d, Ji,Me= 
1.1 Hz, Me), 2.16 (IH, dd, = 14.5 Hzand/d^r 81 Hz, CH2CH=CH2), 2.27-2.39 (2H, 
m, H-2'), 2.44 (IH, dd, Jgcm = 14.5 Hz and Jo%r = 63 Hz, CH2CH=CH2), 2.94 (IH, br, OH), 
3.52 (IH, dd, 7gc„, = 1 1.8 Hz and Jyjon = 6.1 Hz, H.5'a), 3.73 (IH, dd, Jge„^ = 1 1 .8 Hz and 
^5',OH== 2.7 Hz, E'SV), 4.62 (IH, dd, Jra^.= 5.8 Hz and Ji'^a-^ 7.0 Hz, H-3*), 5.07-5.13 (2H, 
m, CH2CH=CB^), 5.83-5.93 (lH,m,CIfcQi=CH2),6.11 (IH, dd,/r.2-B=5.8 Hzandyi.;i.b= 
6.9 Hz, H-r), 7.45 (IH, d, y6.Me= LI Hz, H-6), 9.40 (IH, br, NH); nOe experiment, H- 
1 VCHjCH=CH2 (0.8%), CH2-5*/H-3' (5.3%), CUi-y/H-i (0.6%), HO-5'/H-3' (0.7%) and 
HO-5'/H-6 (1.2%); FAB-MS nt/z 397 (M^+H). >i«fl/. Calcdfor Ci9H32N205SiDl/3H20: C, 
56.69; H, 8.18; N, 6.96. Found: C, 56.46; H, 8.18; N, 6.87. 
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TKIM.152 (4*-aUylthymidme) Figure 4 

A mixture of 5 (59 mg, 0.149 mmol) and tetabutylamampiiiuin fluoride (58 mg, 0.223 
mmol) in THF (3 mL) was stirred at room temperature for 12 h. Silica gel column 
chromatography (CHCla/MeOH = 20/1) of the evaporated reaction mixture gave TKIM-152 
(37.7 mg, 90%) as a foam: UV (MeOH) 267 nm (e 9300), 7^^ 235 nm (e 2000); 
NMR 5 L86 (3H, d, /6,Me= 1.2 Hz. Me), 2.27-2.35 (3H, m, H-2' and CHzCHKJHi). 2.42-2.48 
(IH, m, CEbCH=CH2), 3.56 (IH, d, Jgem= 1 1.8 Hz, H-S^a), 3.64 (IH, d, J^-^ 11.8 Hz, H- 
5T5), 4.48 (IH, Uv^^Jr^^i^ 5.8 Hz, H-3»), 5.04-5.13 (2H, m, CHzCHK:^), 5.88-5.98 (IH, 
m, CHzCH=CH2), 6.23 (IH, t, 7,.^^= 6.5 Hz, H-1 •), 7.89 (IH, d, ^6^= 1 2 Hz, H-6); 
FAB-MS m/z 283 (M" -l-H), 321 (M'+K). Anal, Calcd for C13H18N2O5 •I/2H2O: C, 54. 1 6; H, 
6.57; N, 9.62. Found: C, 53.87; H, 6.49; N, 9.28. 

TKD-4-114 (2\3'-didehydro-3'-deoxy-4*-ethynylthymidine, 4*-ethynyI-d4T) was Qoitliesized 
by a series of reactions shown in Scheme B, starting from con^)ound 6 which was prepared 
according to liie published procedure: B. V. Joshi and C. B. Reese, Tetrahedron Lett., 32, 
23 7 1 -23 74 (1 992).l-<3-0-Acetyl-2^-dideoxy.5-iodo-P-l>-tfirtf<>-pentofiiraBOsy]^^ 
(7)A mixture of 6 (53 & 15.05 mmol) and AC2O (4.3 mL, 45.15 mmol) in pyridine (30 mL) 
was stirred at room temperature for 13 h. The reaction mixture was partitioned between 
CHCysaturated aqueous NaHCOs (250 mL x3/50 mL). Silica gel column chromatography 
(h»cane/EtOAc = 1/1-1/2) of flie organic layer gave 7 (5.53 g, 93%) as a foami^H 
NMR(CDCl3)5 1.96 (3H, s. Me), 2.11 (3H, s, Ac), 2.11-2.16 (IH, m, H-2'a), 2.82 (IH, ddd, 
^geni= 15.8 Hz, Jyx^= 8.0 Hz ansd/2»W'= 5.7 Hz, H-2T)), 3.32-3.39 (2H, m, H-5'), 4.28 (IH, 
dt, J3\4«= 3.3 Hz and Ja*^^ 7.1 Hz, H^'), 5.48 (IH, dd, Jav^ 5.7 Hz and J3 ,4 = 3.3 Hz H- 
30, 6.30 (IH, dd, yr,2.a= 2.8 Hz and Ji.,rb= 8.0 Hz, H-1 '), 7.38 (IH, d, 0,7 Hz, H-6), 
8.59 (IH, br, NEO; FAB-MS m/z 395(M:'+H). 

l-(3-{>-AcelyI-2,5-dideoxy-p-L-^/jfc^ro-pent-4-enoto (8)To an CH3CN 

(40 mL) solution of 7 (5.5 & 13.95 mmol) was added DBN (6i) mL, 55.81 mmol) at 0°C, and 
the reaction mixture was stirred at room temperature for 17 h. After neutralization with 
AcOH, the reaction mixture was evaporated to dryness. The residue was partitioned betwecm 
CHCla/satuiated aqueous NaHC03 (200 mL x3/50 mL). Silica gel column chromatography 
(hexane/EtOAc = 2/1-1 A) of the organic layer gave 8 (3.34 g, 90%) as a foam: ^H 
NMR(CDCl3)8: 1.96 (3H, d,76,Mc=1.3 Hz, Me), 2.06 (3H, s, Ac), 221 (IH, dt,/gem= 152Hz, 
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/I'^'a- /2V" 2.7Hz, H-2'aX 2.83 (IH, dt, /gem=152 Hz, Ji.^.|,=/2'b3'= 7.1Hz, H-2'b), 4.51 
(IH, dd, /gen,- 2.4 Hz, Jysi- 0.8 Hz, H-5'a), 4.73 (IH, dd, 2A Hz and Jr^-b= 0.7 Hz. 
H-5'b), 5.70-5.73 (IH, m, H-3'), 6.44 (IH, dd, Jri'8= 2.7 Hz and /,.^'b= 7.1 H:^ H-1 '), 7.25 
(IH, d, J6^= 13 Hz, H-6), 8.54 (IH, bi, NH); FAB-MS m/fe 267Qit+H). 

l-|3-0-<r-ButyldmetbylsUyl)-2,S-dideoxy-^l^^ 

(9)Compound 8 (5^ g, 19.53 mmol) in saturated NH3 in MeOH (150 mL) was kept at room 
temperature for 9 h. After evaporation^ flie residue was dissolved in DMF (60 mL). To this 
were added imidazole (5.32 g, 78.12 mmol) and /er/-butyldimethylsilyl chloride (8.83 g, 
58.59 mmol) at 0°C. The reaction mixtuie was stirred at room temperature for 1 1 h, and then 
partitioned.between EtOAc/HiO (250 mL/50 mL x4). Silica gel column chromatography 
(hexane/EtOAc = 10/1) of the organic layer gave 9 (6.43 g, 97%) as a foam: UV (MeOH) 
Xmax 266nm (el 1600), X^in 236nm (e5700); NMR(CDa3)8 0.1 1 and 0. 14 (6H each as s, 
SiMe), 0.88 (9H, s, SiBu-4 1.92 (3H, 4/5,013=1 .2Hz, Me), 2.03 (IH, dt, Jg^= 10.8 Hz, 
JvxiT 3.2Hz and /r^3»= 3.2Hz, H-2'a), 2.61-2.68 (IH, m, H-2'b), 4.25 (IH, d, /gan= 2.2Hz, 
H-5'a), 4.57 (IH, d, Jge,n= 2.2Hz, H-5'b), 4.68 (IH, dd,/2-a3- 32 Hz,y2'b3- 6.8 Hz H-3'), 
6.46 (IH, dd, Jva^^^ 3.2 Hz and /r^.b= 7.2 Hz, H-l'), 7.44 (IH, d, J6.ch3= 1 .2 Hz, H-6), 9.12 
(IE, br, NH); FAB-MS 339(M^+H). Anal. Calcd for Ci6H26N204Si: C, 56.78^1, 7.74^^, 
8.28. Found: C, 56.61^1, 7.87asj, 8.17. 

l-[2-Deoxy-3-0-<^btttyldimethyMyI>4-ethynyl-PHD4Are<^-peIIto-^^^ 
(10a) and l-[2-D60xy-3-0-(r-butyldim6thyl-sflyI)-4-ethynyl-a-L-a^ 
pentofuranosyl]thymine (10b)To a sohition of 9 (60 mg, 0.177 mmol) in CH2C12 (5 mL) 
was added dimethyldioxirane (0.09 M in acetone, 3.0 mL^ 0.266 mmol) at -30 ''C. Aft^ 
stirring for 0.5 h, Ihe mixture was evaporated and dried m vacuo for 1 h. The residue was 
dissolved in CH2CI2 (5 mL). To this solution was added triethynylaluminmn (03 M in 
CH2C12, 1.8 mL, 0.532 mmol) at -30 °C under Ar atmosphere, and the reaction xmxture was 
stirred at room temperature for 1 7 h. After being quenched with saturated aqueous NH4CI, the 
reaction mixture was filtered through celite pad. The filtrate was partitioned between 
CHQs/satuiated aqueous NEL^Cl (60 mL x3/20 mL). HPLC separation (hexane/EtOAc » 2/3) 
of the organic layer gave 10a (ta = 10.8 min, 39.3 mg, 58%, foam) and 10b (ta = 16^ nmi> 
18.8 mg, 28%, solid). Physical data for 10a: UV (MeOH):*^^ 266 nm (el2100), Kin 235 nm 
(e6000); ^HNMR(CDCl3)50.11 and 0.16 (6H, each ass, SiMe), 0.90 (9H,s, SiBu-/), 1.91 
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(3H, d, J6,Mt= 1.3 Hz, Me), 1.91-1^6 (IH, m, H-2'a), 2.33 (IH, br, OH), 2.62 (IH, s, 
ethynyl), 2.95(1H, ddd, Jgem" 14.6 Hz, Jv;itr 7.9 Hz and J2*w= 5.5 Hz, B.-l'b), 3.93 (IH, d, 
7800= 1 1.6Hz, H-5'a), 3.99 (IH, d, Jgm= 1 1 -^Bz, H-5 T)), 4.49 (IH, dd, Jr^^ 2.0Hz and 
72'w= 5.5Hz, H-3'), 6.39 (IH, dd. J,.^.a= 3.7 Hz and/i.^H,= 7.9 Hz, H-l'), 7.65 (IH. d. 
AcH3= 1.3 Hz, H-6), 8.72 (IH, br, NS); FAB-MS m/z 381 (M^+H). Anal. Calod for 
Ci8H2«N205SiH20: C, 54.24; H, 7 J9; N, 7.03. Found: C, 54.46; H. 7.20; N, 6.72. 

Physical data for 10b: mp 96-98'C; UV (MeOH):Xnax 267 rm (e9300), 235 nm (eHOO). 
'H NMR (CDCl3)80.08 and 0.13 (6H, each as s, SiMe), 0.89 (9H, s, SiBu-<), 1.93 (3H, d, 
J6.cm= 0.9 Hz, Me), 2.12-2.17 (IH, m, H-2'a), 2.63 (IH, br, OH), 2.71-2.77 (IH, m, H-2'b). 
2.75 (IH, s, ethynyl), 3.67 (IH, d, Jg^= 1 1.5 Hz,. H-5'a), 3.74 (IH, d, Jgf^= 11.5 Hz, H-5'b), 
4.47 (IH, t. J2v=J2-b.i^ 5 J Hz, H-3'), 6.30 (IH, dd, J,.^^,=4.8Hz and Jr^T>= 6.9 Hz, H-l '), 
7.80 (IH, d, y6,cH3= 0.9 Hz, H-6), 9.00 (IH, brs, NH); FAB-MS m/fe 381 (M*+H). Anal. Calcd 
for C,8H28N205Si: C, 56.82; H, 7.42; N, 7J6. Foond: C. 56.57; H, 7.58; N, 7.19. 

l-[5-0-Acef34T2-deoxy-3-^^bu^dimethykiIyQ-4-etbyoyI-34)-^^ 
peDtofuranosylJtliyiiuite (11) 

To a pyridine (4 mL) solution of 10a (161 mg, 0.423 nunol) was added AC2O (120 mL, 1.269 
mmol) at 0 °C, and the mixture was stirred at room temperature for 11 h. The reaction 
mixture was partitioned between CHCVsaturated aqueous NaHCOa (60 mL x3/20 mL). 
Silica gel column cbromatogntphy (hexane/EtOAc = 3/1) of the organic layer pve 11 (169.7 
mg, 95%) as a foam: UV (MeOH):X^ 266 nm (e9200), 234 ran (e2000); 'H 
NMR(CDCl3)80.10 and 0.14 (6H, each as s, SiMeX 0.90 (9H, s, SiBu-/). 1.90-1.94 (4H, m, 
H-2'a and Me), 2.14 (3H, s, Ac), 2.58 (IH, s, ethynyl), 3.01 (IH, ddd, Jg^= 14.8 Hz, Jr;jn,= 
8.3 Hz and72^^.= 5.0 Hz, H-2'b), 4.37 (IH, d, /g«„= 1 1.1 Hz, H-5'a), 4.45 (IH, d, Jit^-^ 5.0 
Hz, H-3*), 4.53 (IH, d, Jgem= .1 1.1 Hz^ H-STj), 6.40 (IH, dd, /i.^ a= 2.8 Hz and Ji .21,= 8.3 Hz, 
H-l •), 7.53 (IH, d, 76j*= 1 .3 Hz, H-6), 8.04 (IH, br, NH); FAB-MS m/z 461 (M'+K). AnaL 
Cakd for C2oH3oN206Si: C, 56.85; H, 7.16; N, 6.63. Found: C, 56.84; H, 7.35; N, 6.26. 

l-(S-0-Acetyl>2-deoxf-4-ethynyl-p-l>-^r8(^|»entofuraimyQ-tby]iii^ (12) - 
To a THF (4 mL) solution of 11 (169.7 mg, 0.402 mmol) was added teirabuiylammonium 
fluoride (IM in THF, 602 ^^L. 0.602 mmol) undra- Ar atmosphere. After being stirred for 1 h 
at room temperature, fiie solvent was evaporated. Silica gel column chromatography 
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(CHOa/MeOH = 100/1) of the residue gave 12 (1 14.7 mg, 93%) as a foam: UV (MeOH) W 
265 mn (e8400), h«n 233 nm (el 700); 'H NMR (CDCI3 after addition of D20)51.93 (3H, d, 
J6Mc= 13 Hz, Me), 2.14-2.18 (IH, m, H-2'a), 2.18 (3H, s, Ac), 2.59 (IH, s, ethynyl), 2.94- 
3.02 (lH.m,H-2'b). 4.22 (lH,d,yge,„= 11.4 Hz, H-5'a), 4.31 (lH.d,y2V'=5iHz.H-3'), 
4.68 (IH, d, J'gem= 11 .4 Hz. H-5 'b), 6.24 (IH, dd, ssJva;= 2.9 Hz and /,.^.b= 9.0 Hz, H-1 '). 
7.60 (IH, d, J6jt^= 1.3 Hz, H-6); "C NMR (CDCl3)512.52, 20.84, 38.76, 63.30, 74.73, 76.23. 
79.85, 82.08, 85.33, 111.41, 137.93, 150.53. 163.63. 171.98; FAB-HR-MS m/zcalcd for 
C14H17N2O6 309.1087 (Nf^+H), Found 309.1074. 

l-(5-a-Acetyl-2-deoiy-3-<^-methanesnlfonyl-4-ethynytp-D-rfireo- 
pentofnranosyQthymlne (13) 

To a pyridine (4 mL) solution of 12 (76 mg, 0.247 mmol) was added methanesulfonyl 
chloride (57 pL, 0.74 mmol) at O'C, and flie mixture was stirred at room tanperatuie for 1 6 h. 
The reaction mixture was partitioned between CHCls/saturated aqueous NaHCQs (60 mL x 
3/20 mL). Silica gel column dnomatography (CHCIj/MeOH = 100/0-100/1) of the organic 
layer gave 13 (95.0 mg. 100%) as a foam: 'H NMR (CDa3)51 .96 (3H, d, ^6^^= 1 2 Hz. Me). 
2.16 (3H, s, Ac), 238 (IH, ddd, ygo»» 16.0 Hz, 3.5 Hz and /2 M'= 0.7 Hz, H-2'a), 2.70 
(IH. s, ethynyl), 3.11 (IH, s.Ms), 3.19 (IH, ddd,^,„= 16.0 Hz, 7,.^^= 8.4 Hzand J^-m- 5.5 
Hz, H-2'b). 4.48 (IH, d./^= 11.3 Hz. H-5'a), 4.53 (IH. d,/^= 11.3 Hz; H-S^b). 5.27-5.28 
(IH, m, H.3'). 6.52 (IH. dd. /i.^.a= 3.5 Hz and/i.^T,= 8.4 Hz, H-1 '), 7J3 (IH, d,y,y^= 1.2 
Hz, H-6). 8.86 (IH. brs, NH); FAB-MS m/z 387(M*^+H). 

TKD-4-114(2',3'-didehydro-3'-deoxy-4'-ethynylthymidiiie) 

A mixture of 13 (105 mg, 0272 mmol) and DBN (101 fiL, 0.815 mmol) in CH3CN (10 mL) 
was refluxed for 1 1 h. After being quenched with AcOH, ttie reaction mixture was partitioned 
between CHCWsaturated aqueous NaHCQs (60 mLx3/20 mL). The product, obtained afta- 
purification by silica gel column chromatography (hexane/EtOAc = 1/1) of the organic layer, 
was dissolved in saturated NH3 in MeOH (30 mL), and kept at room temperature for 12 h. 
Evaporation of the solvent followed preparative TLC (hexane/EtOAc = 1/1) purification 
gave TKIM-114 (49.6 mg. 74%) as a soUd: mp 207-209«C ; UV (MeOH) W 264 nm 
(elOSOO), 7^ 235 nm (e4800); •hNMR(CDC1j)81.83 (3H, s, Me), 2.63 (IH, s. ethynyl). 
3.47 (IH, br, OH), 3.88 (IH, d, Jg»= 12.5 Hz. H-5'a). 3.96 (IH, d.J^= 12.5 Hz, H-5'b), 
5.91 (IH. dd, Jvjt'= 1 .1 Hz and Jr^^ 5.9 Hz, H-2'), 6.30 (IH, dd, 7, y ^ 2.0 Hz and Ji-^- 5.9. 
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Hz, H-30, 7.16-7.17 (IH, m, H-r), 7.44 (IH, d, ^6Me^ LI Hz, H-6), 9.06 (IH, br, NH); 
FAB-MS m/z 249 (M^+H). Anal. Calcd for C12H12N2O4.I/6H2O: C, 57.37; H, 4.95; N, 11.15. 
Found: C, 57.36; H, 4.69; N, 10.98. 

Alternative Chemical Synthesis of TDK-4-114 (Fignre 5A) 

TKD-4-1 14 (2^3*-^dehy(ko-3*-Kieoxy-4'--e%nylthymidme, 4'-etbynyl-d4T) was synthesized 
by a series of leactions shown in the Schme (See Figure 5A), starting from compound 1, the 
preparation of which has been reported previously. 

Preparation of Dibenzoyl compound 2 (a mixture of two diastereomers) 
To a toluene (70 mL) solution of 1 (3.98 mg, 11.76 ramol) was added /-Pr2NBt (5.1 uxL, 29.4 
mmol) and Pb(0C0Ph)4 (20.33 g, 29.4 mmol) at 0 °C under Ar atmosphere, and the mixture 
was stirred for 4 h. The reaction mixture was quenched with sat. aqueous NaHCOa, and 
filtered through celite. The filtrate was partitioned between CHCla/sat aqueous NaHCOa. The 
organic layer was purified by silica gel column chromatography (hexane/AcOEt - 2/1) to 
give 2 (4.84 g, 71%) as a foam: ^HNMR (CDCU)50.02, 0.07, 0.15 and 020 (6H, each as s, 
SiMe), 0.75 and 0.93 (9H, each as s, SiBu-0, 1.69andl.91 (3H,eachasd, J6j4e= l-2Hz, 
Me-5), 1.91-2.00, 2.33-2.40, 2.76-2.83 and 2.94-3.01 (2H, each as m,H-2'). 4.73 and 4.95 
(IH, t and d, Jr;i* = 6.8 and 4.4 Hz, H-S'), 4.91, 5.08, 5.1 1 and 5.19 (2H, each as d, Jgem = 
12.0 Hz, CH2-5*), 4.24 (IH, d, /gem = 2.0 Hz), 6.34 and 6.64 (IH, d and dd, J,.;r.= 6.4 and 
Jvx°2.i, 8.2 Hz, H-r), 7.32-737, 7.45-7.51, 7.58-7.67, 7.92-7.94, 8.02-8.04 and 8.04-8.13 
(1 IH, each as m, H-6 and Ph), 8.92 (IH, br, NH); FAB-MS (m/z) 581 Qt+E). Anal, Calcd 
for C3oH36N208Si: C. 62.05; H. 625; N, 4.82. Found: C, 61.85; H, 6.37; N, 4.70. 

l-[5-0--Benzoyl-3-0-(i-butyldmethylsilyl)-2-deoxy-4-(trimet^^^ 
pentofaranosyl]thymine (3) 

To a toluene (40 mL) solution of HOCSiMe^ (32 mL, 22.44 mmol) was added BuLi (2.44 
M in hexane) (9.2 mL, 22.44 mmol) at 0 °C under Ar atmosphere, and the mixture was stirred 
for 30 min. To tiiis solution was added EtAlCIa (0.94 M m hexane) (23.4 mL, 22.44 mmol) at 
0 "^C. After the mixtUTB bemg stirred for 30 min, 2 (326 g, 5.61 mmol) in CH2a2 (50 mL) 
was added at 0 ""C, and the mixture was stirred overnight The reaction mixture was ^ 
partitimied between CHCU/sat. aqueous NaHCOs- The organic layer was purified by silica 
gel column chromatography (hexane/EtOAc = 3/1) to give 3 (1.14 g, 37%) as a foam: ^H 
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NMR (0X33)80.09 and 0.13 (6H, each as s, SiMe), 0.12 (9H. s, CM^SiMej), 0.89 (9H; 8, 
SiBu-4 1.90(3H.d,JiM=0-8Hz,Me-5), 1.95(lH,ddd,y,.^.a=2.8.y2V=l^and/2v-b= 
14.6 Hz, H-2'a), 3.02 (IH, ddd, y,.^.b= 8.2, /jv = 5.2 and 72^*= 14.6 Hz, H-2'b), 4.50 
(lH,dd/2X3-=l-2andJ2-w=52 Hz, H-3'). 4.64 (IH, d,J5..^b = 10.8 Hz, H-5»a), 4.68 
(IH, d, Js'^-b = 10.8 Hz, H-5'b), 6.40 (IH, d, J,.^.. = 2.8 and 7,.,.b= 82 Hz, H-1 7.44-7.48 
7.57-7.61 and 8.07-8.10 {6H, each asm, H-6 and Ph), 824 (IH, br); FAB-MS (ai/fe) 557 

H5-0-Benzoyl-2-deoxy-4-ethynyl-p-D-rtr«o-pentofuranosylJthyniine (4) 
To a THF (5 mL) solution of 3 (2082 mg, 0.37 mmol) was added Bu^NF 3H2O (290.2 mg, 
1.11 mmor) at 0 "C, and flie mixture was stined for Ih. Hie reaction mixture was evaporated 
to dryness. Silica gel cohmm chromatograpl^r (2% MeOH in CH2CI2 ) of flie residue gave 3 
(115.3 mg, 84%) as a foam: 'H NMR (CDCb+ 020)51.94 (3H, d, Ji^= 12 Hz, Me-5), 2.15 
(IH. dd. J,.^..= 3.2 and^vi^T,= 15.0 Hz, H-2'a), 2.60 (IH, s, OCH), 3.01 (IE, ddd, /,.^t,= 
9.0. J2V = 52 and Jra-b^ 15.0 Hz, H-2'b), 4 J4 (IH, d,y2.b^. = 52 Hz; H-3 '). 4.40 (IH, d, 
Js'^fi-h =112 Hz), 4.96 (IH, d, Jy^^ = 1 1 2 Hz), 6.34 (IH, d. Ji-y^^ 32 and Jv^ = 9.0 Hz, 
H-1 •), 7.46-7.51, 7.61-7.65 and 8.09-8.1 1 (5H, each as m, Ph), 7.70 (IH, d, ^1^= 1 2 Hz), 
8.47 (IH, br); FAB-MS Qn/z) 371 Q/t+H). 

l-I5-0-Benzoyl-2-deoiy-4-ethynyl-3-a-methanesuIfoByI-p-D-rArw- 
pentofuranosyljthymine (5) 

To a pyridme (3.5 mL) sohition of 4 (1 10.9 mg, 0.30 lumol) was added MsCI(0.12 mL, 1.5 
mmoO at 0 under Ax ahnoq)here, and the mixture was stirred for 6 h. Hie reaction mixture 
was partitioned betwerai CHaysaL aqueous NaHCOs. Silica gel column chromatography 
(1.5% MeOH in 01202) of the organic layer gave 5 (105.2 mg, 78%) as a foam: 'H NMR 
(CDClj)61 .92 (3H, d. Jt^^ 1 2 Hz, Me-5), 2.43 (IH, dd, 7,.^., = 3.6 and Jiv^ = 16.0 Hz, 
H-2'a), 2.72 (IH. s, C^H), 3.07 (3H. s, SOzMe), 323 (IH, ddd, Jr^-b = 8.2, = 52 and 
J2Vb= 16.0 Hz, H-2'b), 4.72 (IH, d, Jj.^t, = 112 Hz), 4.76 (IH, d, Jj-^-b = 1 12 Hz), 537 
(IH, d,/2V = 52 Hz, H-3'), 6.56 (IH, d, /,.;i.,= 3.6 and Jf^-b^ 982 Hz, H-l'X 7.36 (IH, d, 
7Me4= 12 Hz). 7.47-7.51, 7.60-7.64 and 8.07-8.10 (5H, each as m, Ph), 8.32 (IH, br); FAB- 
MS (m/2) 449 (M*+H). 
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5'-0-Benzoyl-2%3'H&dehydro-3'-deoxy-4'-ethyByitiiyi]]idine(^ 

To an CH3CN (4 mL) solution of 5 (101 ^ mg, 0.23 mmol) was added DBN (67 (iL, 0.54 
mmol) at 0 ^^C under Ar atmosphere, and the mixture was stiired at 80 °C for 9 h. The 
reaction mixture was neutralized by adding AcOH, and partitioned betwe^ CHCla/sat 
aqueous NaHCOj. Silica gel column chromatography (1 .5% MeOH in CH2CI2) of the organic 
layer gave 6 (60 mg, 74%) as solid: NMR {CDCh)dlA2 (3H, d, Ji^e = 1 ^ Hz, Me-5), 
2.70 (IH, s, OsCH), ), 4.59 (IH, d, Jy,^^ = 12.0 Hz, H-S'a), 4.76 (IH, d, Jy^^ = 12.0 Hz, 
H-5'b), 5.99 (IH, dd, Jva^ = 1.2, Jr^^-^ 5.9, H-2'), 6.38 (IH, dd, /r^*- 2.0 and J2«3-= 5.9 Hz, 
H-30, 6.98 (IH, d, Ji^= 1 2 Hz), 7.12 (IH, m, H-1 0. 7.45-7.49. 7.60-7.63 and 8.00-8.03 
(5H, each as m, Ph), 8.37 (IH, br); FAB-MS (ni/z) 353 (l^+H). 

2'^'-I>idehydro-3'-deoxy-4'-ethynylthymidine (7) (TKIM-114, 4*.EthynyI-d4T) 
To a MeOH (3 mL) suspension of 6 (56 mg, 0.16 mmol) was added 1 M NaOMe (0.32 mL, 
032 mmol) at 0 °C under Ar atmosphere, and the mixture was stirred atr.t. for 0 h. The 
reaction mixture was neutralized by adding AcOH and chramatogtaphed on a silica gel 
column (2% MeOH in CH2CI2) gave 7(35.8 mg, 90%) as solid 
Physical data of 7 (TKD-4-114) as set foreth above. 

Chemical Synthesis of KMA-23-1S3: the carbocycUc analogue of TKD-4-114 (See Figure 
6) 

KMA-23-153 was prepared as lacemic a modification (a mixture of equal amount of D- and 
L-enantiomers) by a sequence of reactions shown in the Scheme set forth in figure 6. The 
Method for the preparation of starting material 2 has aheady been published: See, Kato, et al, 
Chem. PhamL Bull^ 47, 1256-1264 (1999). 

l-Hydroxymethyl-2-oxocyclopeiitanecarboxylic acid methyl ester (3 of Figure 6) 

To a suspension of 2 (lOg, 55.48 mmol) and HMPA (29 mL, 1 66.44 mmol) in THE (450 ml) 
was added BusSnQ (16.5 mL, 61 .0 mmol) at 0^ C under positive pressure of dry Ar . After 
stirring at 0 for 30 min, (CH20)„ (8.32 g, 277.4 rranol) was added to flie mixture and fee 
whole reaction mixture was stirred for 48 h at room temperature. The reaction mixture was 
partitioned between AcOEt and brine. The organic layer was dried (Na2S04), evaporated, and 
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cbiomatographed on a silica gel column (hexane/EtOAc 1/1). Hus gave 3 (7.13 g, 77%) as 
an oil. 

'HNIVIR (CDaa) 5: 1.97-2.18 (2H, m, CH2), 2.21-2.25 (IH, m, CRil 2.29-2.53 (3H, m, OH 
and CH2), 2.62-2.66 (IH, m, CH2), 3.74 (3H, s. Me), 3.81 (IH, dd, J= 11.2 and 8.0 Hz, 
CH2OH), 3.89 (IH, dd, J= 11 .2 and 4.4 Hz, CEzOH). 

l-(teit-Butyldiphenyl5ilyloxymethyI)-2-oxoH:ydopentanecarbo^ acid methyl ester (4 
of Figure 6) 

A mixture of 3 (10.35 g, 60.1 mmol), imidazole (8.18 g, 120.2 mmol), and TBDPSCl (15.6 
ml, 60.1 mmol) in DMF (40 ml) was stirred for 16 h at room temperature under positive 
pressure of dry Ar. The mixture was partitioned between EtOAc and sat aqueous NaHCQs. 
The organic layer was dried (Na2S04) and evaporated. The resulting syrupy residue was 
treated with MeOH (ca. 40 ml) to give the precipitated 4. This procedure was repeated further 
3 times to give 4 (18.97 g, 77%) as a white solid. 

^HNMR (CDQa) 5:1.02 (9H, s, SiBu^O. 2.03-2.1 1 (2H, m, CH2), 226-2.35 (IH, m, CH2), 
2.41-2.53 (3H, m, CH2), 3.65 (3H, s. Me), 3.87 (IH, d, /= 9.6 Hz, CHaOSi), 4.09 (IH, d, 
9.6 Hz, CH20Si), 7.37-7.46 (6H, m, Ph), 7.61-7.65 (4H. m, Ph). 

l-(/iej^-BiiiyIdiphenyl5llyIoxymethyI)-2-oxocyclopent-3-enecarboxyIic add methyl ester 
(5 of Figure 6) 

To a stilling mixture of 4 (3.58 g, 8.72 mmol) and EtaN (6.1 ml, 43.6 mmol) was added 
Me3SiOS02CF3 (2.56 mL, 13.0 mmol) at 0' C under positive pressure of dry Ar. The mixture 
was stirred for 30 min at the same temperature, and then partitioned between CH2CI2 and sat 
aqueous NaHCOa. The org^c layer was dried (Na2S04) and evaporated. The residue was 
dissolved in DMSO (12 mL). To this solution was added Pd(0Ac)2 (98 mg, 0.44 mmol), and 
the mixture was stirred for 36 h under positive pressure of O2. The mixture was partitioned 
between EtOAc and brine. The organic layer was dried (Na2S04), evaporated, and 
chromatographed on a silica gel colunm (hexane/EtOAc = 5/1) to give 5 (3.13 g, 88%) as a 
white solid. 

*H1SIMR (CDCI3) 6:0.97 {9H, s, SiBu-0, 2.99-3.05 (IH, m, CH2), 3.21-3.26 (IH, m, CH^), 
3.66 (3H, s. Me), 3.98 (IH, d, J= 10.0 Hz, CH20Si), 4.18 ((IH, d, J= 10.0 Hz, 
CH20Si),6.24-6.26 (IH, m, CH=CH), 7.37-7.45 (6H, m, Ph), 7.58-7.62 (4H, m, Ph), 7.86- 
7.88 (IH, m, CH=CH). 
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l-(lM-ButyldiphenylsOyloxy]nethyl>(2yaitf-2-acetoxy)cyc^^ 
methyl ester (6 of Figare 6) 

A mixture of NaBH^ (628 mg, 16.6 nunol) and MeOH (50 ml) was cooled and stiired at 
-7CrC. To this was added a mixture of 5 (3.39 g, 8.3 mmol) and CeCljJHaO (3.1 g, 8.3 
mmol) in THF/MeOH = 1/1 (50 ml) dropwise over 15 min. The resulting suspension was 
stirred for 1 h at the -70 Hie reaction was quenched by adding AcOH (ca. 1 mL). The 
reaction mixture was evaporated. The residue was suspended in MeCN (15 ml). To this 
suspension were added DMAP (1.02 g, 8.3 mmol), z-Pr2NEt (1.45 mL, S3 mmol) and AC2O 
(1.57 mL, 16.6 mmol). The mixture was stirred for 30 min at 0 " under positive pressure of 
dry Ar, and partitioned between CH2CI2 and sat aqueous NaHCOa. The organic layer was 
dried (Na2S04), evaporated, and chromatographed on a silica gel column (hexane/EtOAc = 
4/1). This gave 6 (3.74 g, 1 00%) as an oil. 

*HNMR (CDCI3) 5: L02 (9H s, SiBu-r), 1-87 (3H s, Ac), 2.50-2.55 (IH, m, CH2), 2.91-2.97 
(IH, m, CH2), 3.71 (3H, s,Me), 3.87 (IH, d,/= 9.6 Hz, CHaOSi), 4.08 (IH, d,/= 9.6 Hz, 
CHzOSi), 5.76-5.78 (IH, m, CH=CH), 5.99-6.00 (IH, m, CH=CH), 6.07-6.08 (IH, m, 
AcOCH), 7.29-7.45 (4H, m, Ph), 7.61-7.65 (4H, m, Ph). 

l-(^ft-ButyldiphenylsOyloxymethyI)-(£raii^hydroxy)cyclopent-2-^n^^ 
methyl ester (7 of Figare 6) 

A mixture of 6 (1 .87 g, 4.13 mmol), Pda2(MeCN)2 (106 mg, 0.41 mmol) and /7-quinone 224 
mg, 2.07mmol) in THF (17 mL) was refluxed for 3 b under positive pressure of dry Ar. The 
mixture was partitioned between CH2CI2 and saL aqueous Na2S2Q3. The organic layer was 
dried (Na2S04), evaporated. The residue was dissolved in MeOH (5 ml) and treated with 
K2CO3 (685 mg, 4.96 mmol) for 1 h wiHi stirring. The nuxture was partitioned between 
CHCI3 and brine. The organic layer was dried (Na2S04), evaporated, and chromatographed 
on a silica gel column (hexane/EtOAc = 6/1). This gave 7 (1.14 g, 67%) as an oil. 
'HNMR (CDCI3) 5:1.02 (9H, s, SiBu-4 1.87 (IH, dd,/= 14.4 and 2.4 Hz, CH2), 2.73 (IH, 
dd, J= 14,4 and 7.2 Hz, CH2), 3.65 (3H, s. Me), 3.79 (IH, d, J= 9.6 Hz, CHzOSi), 3.85 (IH, 
d, 7= 9.6 Hz, CH20Si), 4.82-4.87 (IH, m, CHOH), 5.84-5.87 (IH, m, CH=CH), 6.02-6.04 
(IH, m, CH=CH), 7.38-7.44 (6H, m, Ph), 7.63-7.65 (4H, ra, Ph). 
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l-(leit-ButyldiplienyMyloxymethyIHcjs-4-hyd 
methyl ester (8 of Figure 6) 

A mixtare of 7 (1.08 & 2.63 mmol) , PhsP (897 mg, 3.42 mmol) and AcOH (301 fiL, 5.26 
mmol) in TBDF (10 mL) was cooled to 0 under positive pressure of diy Ai. To this was added 
dropwise diethyl azodicarboxylate (2.3 M solution in toluene, 1.49 mL, 3.42 mol). After 
stirring for 30 min^ fte nnxture was partitioned betv^een CfkCk and sat aqueous NaHC03. 
The organic layer was dried (Na2S04) and evaporated. The residue was treated with K2CO3 
(727 mg, 5.26 mmol) in MeOH (5 mL) for 1 k The nuxture was partitioned between CHCI3 
and brine. The organic layer was dried (Na2S04), evjqporated, and chromatographed on a 
silica gel column (hexane/EtOAc = 4/1). This gave S (892 mg, 83%) as an oil. 
*HNMR (CDQa) 8: 1.02 (9H, s, SiBu-/), 2.20-2.31 {3H, m, CH2 and OH), 3.70 (IH, d, /= 9.6 
Hz, CH2OS1V 3.71 (3H, s. Me), 3.87 (IH, d, 9.6 Hz, CHzOSi), 4.76-4.81 (IH, m, CHOH), 
5.88 (IH, d, J- 5.6 Hz, OIKHI), 6.03 (IH, dd, /= 5.6 and 2.4 Hz, CH=CH), 7.36-7.46 (6H, 
m, Ph), 7.61-7.65 (4H, m, Ph). 

l-[c»^-4-(^it-Biityldiph0aylsilyioxymethyi)-lraffS^m^ 
yl) thymine (9 of Figure 6) 

To a THF (25 mL) solution of PPhs (2.28 g, 8.68 mmol) was added drc^wise diethyl 
azodicaiboxylate (2.3 M solution in toluene, 3.63 mL, 8.35 n:]ol) at 0 ' under positive pressure 
of dry At. Afier stirring for 30 min, a THF (76 mL) suspraision containing 8 (1.37 g, 3.34 
mmol) and JV^-benzoyWiymine (1.15 g, 5.01 mmol) was added dn^wise. Hie mixtuie was 
stiired for 70 h at room temperature, evaporated, and then treated with 2 M NaOMe in MeOH 
(6.7 mL) for 2 h. Neutralization of flie reaction mixture with AcOH (1.15 mL) was followed 
by partition between CH2CI2 and sat aqueous NaHCOj. Tbs organic lay^ was dried 
(Na2S04), evaporated, and chromatogr^hed on a silica gel column (hexane/ElOAc = 1/1). 
This gave 9 (121 g, 70%) as a white foam. 

'HNMR (CDCb) 5:1.05 (9H, s, SiBu-f), 1.74 (3H, d, /= 15 Hz. lfajmine-5-Me), 1.75 (IH, 
dd, J= 14.0 and 6.8 Hz, 012), 3.01 (lE^ dd, J= 14.0 and 8.4 Hz, CHj), 3.70 (3H, s, Me), 

3.87 (IH, d, 10.0 Hz, CHzOSi), 3.90 (IH, d, /= 10.0 Hz, CHjOSi), 5.79 (IH. dd, 52 
and 2.0 Ez, CH=CH), 5.83-5.88 (IH, m, CHN), 6.10 (IH, dd. /= 52 and 2.4 Bz, CH«=CH), 

6.88 (IH, q, 7= 1 2 Hz, fliymine-H-6). 4.36-7.47 (6H, m, Ph), 7.61-7.64 (4H, m, Ph), 8.89 
(IH, br, tfaymine-NH). 
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l-fci$-4-(l^it-Batyldiphenylsflyloxymethyl)-<)ran5-^ 
(10 of Figure 6) 

To a CH2CI2 (10 mL) solution of 9 (550 mg, 1.06 mmol) was added dropwise /-BU2AIH (1.01 
M in toluene, 1.16 mU 1-17 mmoX) at -70 "C under positiYe pressure of dry Ar. After stirring 
for 20 min» an additional i-BuaAlH (2.32 mL, 2.34 mmol) and added^ and stirring was 
continued for furtber 20 roiiL Quenching with AcOH (200 mL) was followed by evaporation. 
Short silica gel column chromatography (hexane/EtOAc = 1/5) gave the traits-A- 
hydroxymethyl derivative (294 mg). The ^rflfts-4-hydroxymethyl derivative was dissolved in 
CH2CI2 (10 mL), and oxidized with Dess-Martin periodinane (477 mg, 1.12 mmol). After 
stirring for 1 .5 h, the mixture was partitioned between CH2CI2 and sat. aqueous NaHCOs. The 
organic layer was dried (Na2S04) and evaporated to give a crade /rfl«5-4-aIdehyde (274 mg). 
The aldehyde was dissolved in MeOH containing K^COa (310 mg, 2.24 mmol), and sthxed 
forlO min at 0 under positive pressure of diy Ar. To this was added dimefhyKl -dtazO'-2- 
oxoprppyl)phosphonate'^ (270 mg, 1 .4 mmol). The mixture was sdrred for 1 h, and then 
partitioned between EtOAc and sat aqueous NaHCOa. The organic layer was dried (Na2S04), 
evaporated, and chromatographed on a silica gel colunm (hexane^tOAc = 1/1). This gave 10 
(138 mg, 27%) as a white foam. 

^HNMR (CDQs) 8:1 .07 (9H, s, SiBu-0, 1 -71 (3H, d, J= 1 .2 Hz, thymine-S-Me), 2.02 (IH, 
dd, J= 13.2 and 7.6 Hz, CH2), 2 J20 (IH, s, C=CH), 2.70 (IH, dd, J = 132 and 8.0 Hz, CH2), 
3.69 (IH, d, y = 9.6 Hz, €332081), 3.83 (IH, d, 9.6 Hz, CUiOSi), 5.76 (IH, dd, 5.2 
and 2.0 Hz, CH=CH), 5.91-5.95 (IH, m, CHN), 6.02 (IH, dd, 52 and 2.4 Hz, CH=CH), 
6.98 (IH, q, /= 1 .2 Hz, thymine-H^, 737-7.48 (6H, m, Ph), 7.63-7.66 (4H, m, Ph), 820 
(IH, br, fiiymine-NH). 
FAB-MS (m/z): ASS (M^+H). 

*For the preparation of this reagent, see: P. Gallant, L. D'Haenes, and M. Vandewalle, Syntk 
Commun., 14, 155-161 (1984), 

*The use of liiis reagent for the conversion of RCHO to R(>CH: L Gillaizeau, L M. Lagoja, 
S. P. Nolan, V- Aucagne, J. Rozenski, P. Herdewijn, and L. A. Agrofoglio, Eur, J. Org. 
Chem., 666-671 (2003), 
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I'icts-A-Eydroxymt^lxyl^ (11, figure 

KMA-23-153 

A mixtare of 10 (101 mg, 0.21 mmol) and BimNF (1M solution in TEIF, 230 juL, 0:23 mmol) 
in THF (3 mL) was stiired for 2 h at room tempeTatuie. To this mixtuie were added 4- 
dimethylaminopyridiae (51 mg, 0.42 mmol), i-PraNEt (73 fiL, 0.42 mmol), and AqzO (80 ^L, 
0.84 mmol). The reaction mixture was stiired for 30 irtinj and then partitioned between 
CHaCla and sat aqueous NaHCQa. The organic layer was dried G^a2S04), evaporated, and 
chromatograplied on a silica gel column (AcOEt). This gave the acetate (52 mg) as a white 
solid. This acetate was treated with NHs/MeOH (35 ml) below ff'C for 12 h. During 
evaporation of the solvent, precipitation occurred. The precipitate was washed with hot 
benzene (50 ml) to give an aualyticaDy pure 11 (3 1 mg, 60%). 

*HNMR (CDCy 5: 1.96-L94 (5H, m, CH2, OH and thymine-5-Me), 2.30 (IH, s, C^H), 
2.81 (IH, dd, 13.6 and 8.8 Hz, CH2), 3.65 (IH, dd, / = 10.0 and 7.6 Hz, CH2OH), 3.78 
(IH. dd, y = 10.0 and 4.8 Hz, CH2OH), 5.78-5.80 (IH, m, CH=CH), 5.85-5.89 (IH, m, 
CHN), 6.04-6.06 (la m, CH=CH), 7.10 (IH, q, J= 1 J2 Hz, tfaymine-H.6), 8.09 (IH, br, 

thymine-NH). Anal. Calcd for G13H14N2O3.I/5 H2O : C, 62.49; H, 5.81; N. 11.21. Found: C, 
62.57; H, 5.65; N, 11.22. 

Biological Activity 

Methods and Mialerials: 

Chemicals: The 4*-D4T analogs (Fig. 1) were synthesized in the laboratory of Dr. Hiromichi 
Tanaka, School of Pharmaceutical Sciences, Showa University, Japan. The dThd, D4T and 
AZT were purchased from Sigma-Aldrich Corp. StLouis, MO. The ddl was purchased from 
ICN Biochemicals hic, Aurora, OH. The 3TC was received from Triangle Pharmaceuticals, 
Durham, NO. The LFd4C was received torn Vion Inc., New Haven, CT. All other chemicals 
used were of reagent grade or higher. 

Cell lines and virus: Boih the H9 cell line, used for toxicity studies and virus propagation, and 
the MT-2 cell line, used for the antiviral activity studies were received from Ihe AIDS 
Research and Reference Reagent Program of the National Institutes of Health and were 
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contributed by Dr. Robert Gallo and Dr. Douglas Ricfaman lespectivefy. The HIV-1 stiain 
mB was received fLom Dr. John Mellors: 



Detenninatton of antrvizal activity: Compomids were tested in MT-2 ceQs infected with HIV- 

1 strain TTTR essentially as described previously (31). Briefly, serial dilutions of drugs are 
placed in triplicate wells of a 96 well tissue cultuie plate, then MT-2 cells grown in RPM 
1640 media supplemented with 10% dialyzed fetal bovine serum and 100 \ig/ttA kanamycin 
are added at 10"^ cells/100 ^1 plus and minus 0.1 m.o.i. of HIV-1 TITB. Five days later MTT 
dye is added to the wells and the color of the tetrazolium dye measured at 595 mn was used 
to quantitate the cellular viability (20). Calculations of the percent protection and 
isobologram combination studies are described (12). 

CeUular toxicity of nucleoside analogs: These dThd analogs have been evaluated in several 
cell lines; H9, CEM, MT-2 and HepG2. The basic procedures are similar. The cells are 
seeded a low concentration, thien serial dilutioiKS of test compound are added. The CEM, MT- 

2 and H9 cell Knes we use are grown in KPMI 1640 supplemented with 10% dialyzed fetal 
bovine serum and lO^g /ml kanamycin. Afier 48 to 96 h incubation at 37^ C in a 5% COa 
humidified incubator the assay is ended. The drug treated saniples are compared to the 
untreated controls. Tbis is accomphshed in suspension cell lines by counting cell numbers 
either with a hemocytometer or by using a Coulter Counter. The HepGl cells, a human 
hepatoma cell line, were grown in DMEM medium supplemented with 10% dialyzed fetal 
bovme serum and 10 Mg/ml kanamycin. The effect on HqpG2, a monolayer cell line, was 
quantified by staining with 1 .0 % methylene blue dye dissolved in 50% ethanol, after 
decanting &e growth medium. The cell layer is then sohibilized in a 5% sarkosyl solution and 
the resulting color is measured at 595 nm on a Molecular Devices model Vmax plate reading 
spectrophotometer (Menlo Park, CA). The color of the untreated controls is compared to the 
drug treated samples. 

Mhochondriai DNA: The effect of nucleoside analogs on mtDNA content was assessed as 
described previously (2). Briefly, CEM cells maintained in RPM 1640 supplemented with 
10% dialyzed fetal bovine sennn were plated at 2 X lOVml into a 24 well tissue culture plate. 
Cells treated with dmgs at various concentrations either as single agents or in combination 
were grown for four days. CeQs were then harvested, treated with proteinase K and DNase 
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fieeRNase. Extracts wei^ applied to nylon memfaimies and 

probe. After stripping the membrane the load was normalized by rdbiybridizing Ihe membiane 
with an Alu probe. Blots were quantitated with a Molecular Dynamics personal densitometer 
SI with ImageQuaNT analysis software. 

Monophosphorylation of Analogs by Thymidine Kinase: All the analogs weie tested for 
their ability to be phosphoryiated by diymidine kinase (TK-1) fiom CEM cells. This enzyme 
was purified by an afiSnity column technique developed in this laboratory (7). Thymidine 
analogs (250 uM) were incubated in a mixture that contained 150 mM Tris HCl pH 7.5, 2.4 
mM ATP, 2.4 mM MgC12, 0.6 mgs creatine phosphate, 5.8 units of creatine phosphokinase, 
0.19 mgs albumin and 0.07 units of TK-1 in a total volume of 200 ul. At the end of the 
incubation time the reaction was stopped by the addition of 3 parts cold HPLC grade 
methanol. After incubating on ice for at least 10 min. the methanol insoluble material is 
precipitated by centrifugation and the methanol soluble supematants were placed into clean 
microfiige tubes. These samples were brought to diyness in a Speedvac Centrifuge. The 
samples were dissolved in wafer and separated on a Shimatzu HPLC model SCL lOAvp 
using a gradioit of water to 30QmM potassium phosphate and a Whatman 10/25 particle SAX 
column. Km and relative Vmax studies were done in a similar &shion, using the same 
mixture and different amounts of substrate and enzyme. 

Acid stabOity studies: Nucleoside samples weie mixed with IN HCl and incubated at 37*^ C 
for 2.5 h. Then the samples were examined by HPLC using a Bechman ODS column 
employing a gradient of water to 80% methanol 

Thymidine Phosphorylase Assays: Nucleoside analogs (100 (iM) were incubated in 75 mM 
potassium phosphate buffer pH 7.3 at 37 ^ C using a partially purified prepartion of hmnan 
liver extract (28) as a source of the thymidine phosphoiylase (TP). After incubation, ftie 
reaction was stopped by the addition of trichloroacetic acid to a final concentration of 15 %. 
The samples were then incubated on ice. After the acid insoluble components were removed 
by centrifiigaticni, the supernatant was neutralized by two extractions with one half volume of 
trioctylamine/fieon (45: 55). The aqueous supematants were examined by HPLC using the 
Beckman ODS column method, as described in Add Stability Studies. 
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Thymidine Kinase Assays: The thymidine kinase assays were the same as that described 
previously (21). Briefly, the assay uses ['"^CJ-dThd (100 ^M, 6.7mCi/nmioI) in a mixture that 
contains 2A wM ATP-Mg, 156 mM Tiis-HQ pH 7.5, 0.23 mg creatine phosphate, 7 ]ig 
creatine phospho kinase, 67 jig BSA and 1.9 mM DTT in a 75 (il volume. The reactions were 



onto anion exchange discs (Whatman ]hc.,Clifton, NJ) that was immersed 
iimnediately in 95% ethanol. After two additional washes in efhanol, the discs were dried and 
placed in scintillation vials that contained 5 ml SafeScmt Scintillation Cocktail (American 
Bioanalytical, Natick, MA). The amount of radioactivity, which represents the amount of 
dTMP formed, was quantitated in a Beckman LS5000TD Scmtillation Counter (Beckman 
Instruments Inc., Palo AUo, CA). 

Results of Biologica] Activity: 

Antiviral effect of 4'-snbstituted D4T analogs : 

Experiments were performed in the MT-2/IIIB anti HIV-1 system by adding compounds 
substituted at the 4' position of D4T with a methyl, vinyl, ethynyl, ethynyhnetityl, 
efliynylchloro, allyl or cyano group (Fig.l). The results indicated that tiie 4'-etiiynyl analog 
was more effective against HIV and less toxic than the parental compound D4T. Whereas, 4'- 
cyano D4T and 4'-etlrymyhnethyl D4T were less active than r)4T agamst HIV ^ig.8) The 4'- 
mefliyt 4'-vinyl, 4'-ethyhylcliloio and 4*-allyl substituted D4T analogs did not achieve a 
ECso at a cQncentration of 100 ^M. A summary of the EC50 against HIV of these compounds 
together with D4T is shown in Table 1, below. 

Table 1: The Effect of 4'-Substituted D4T Analogs on pv. 




Compound 



D4T 



EC50 (^M)' 



1.3 ±0.4 
>100** 
>100^ 



98.0 ±10.8 



4'-methyl D4T 
4'-vinyl D4T 
4'.ethynyl D4T 



0.25 ±0.14^ 



>100 

>100 
>256' 
>100 



4'-ethynyhnethyl D4T 
4'-ethynylchloro D4T 



4.0 +L6 

>100 
>100 

7.0 ±2.6 



63.3 ±20.8 
>100 
>100 



4'-aUyl D4T 
4'-cyano D4T 
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a) Effective concentraticm lequired to achieve 50% protection ifrom HIV in MT-2 ceDs. 

b) Concentration required to inhibit MT-2 cell growth by 50%. 

c) The highest concentration tested. 

d) ECsoieported previously (17). 

To determine whether 4'-ethynyl D4T acts as a dThd analog against HIV, the effect of the 
addition of dlTid or dCyd on the antivirial activity of 4'-ethynyl D4T was examined To 
prevent the possibility that dCyd dould be deaminated to dUrd in cells, a cytidine deaminase 
inhibitor, tetrahydro nridine, at a nontoxic level, was also added. It was observed tbat dThd 
decreased the antiviral effect of 4'-ethynyI D4T in a concentration dependent manner. 
However, dCyd had no significant effect on the activity of 4'-efhynyl D4T against HIV (Fig. 

To assess its interaction with other antiviral nucleoside analogs the antiviral isobolograms 
of 4*ethynyl D4T in combination with 3TQ LFd4C, ddl and AZT were generated. 4* Ethynyl 
D4T was shown to have synergistic interactions with 3TC and LFd4C against HIV (Fig. 10), 
and the Synergy Index (SI) was determined by measuring the relative distance from the tme 
indicating an additive dru^ effect However, its antiviral effect with ddl and AZJ was only 
additive (data not shown). 

Cellular Toxicitv : The effect of the 4'-substituted D4T analogs on cell growth and mtDNA 
content was determined in CEM cells (Table 2a, set forth below). None of those analogs, with 
the exception of 4*-ethynylchloro D4T, could retard four day cell growth with an ID50 less 
than 100 pM. Results of Z2 b toxicity studies in HepG2 cells also showed that the ID50 for 
D4T, 4'-vinyl D4T and 4'-ethynyl D4T was greater than 100 pM. 4'-Ethynyl D4T could 
decrease intracellular mitochondria] DNA with an ID50 of 100 )iM, which is 10 times higher 
concentration than that of D4T. £a view of tiie synergistic interaction of 4'-ethynyl D4T with 
3TC and LFd4C against HIV, the interaction of tihiose compounds on cell growth was also 
assessed. In H9 cells during a 48 h assay no significant increase in toxic interactions was 
observed (Table 2b, below). 
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Table 2a: Toxicity of Nudeoside Aaalogs in CEM Cells. 



Conn>oiind 


Cellular* 


MitncTiondrial TJMA Pntitpnt ^ 




£A 1)4. 1 o n 




4 -metnyi U4j 


>1UU (114 ± 2) 




4'-vinyl D4T 


>100(78±21) 




4'-et}iynyl D4T 


>100(77±16) 


>100{94±4) 


4'-ethynylme%l D4T 


>1 00 (94 ±20) 


>100(116d:26) 


4'-elJiynylcbloro D4T 


62.6^10.0 




4*-anyiD4T 


>100 




4'-cyano D4T 


>100(60±1) 


>100(264±23) 


ddC 


5.5 ±1.8 


0.15 ±0.12 


3TC 


>200(77±28) 


>200(114±2) 



Procedures described in Materials and Methods: a) Toxicity determined by cell counts 
compared to untreated controls, b) Mitochondrial DNA conient determined by Southern Blot 
analysis and densitometer readings compared to that of untreated CEM control cells. The 
numbers are means of (iM concentrations and standard deviations that cause 50 % inhibition 
of control cells. Hie numbers in parentheses represent the mean and standard deviations of 
percentage of untreated CEM control cells at the concentration indicated. 
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Table 2b: Toxicity of 4'-ethynyl D4T in H-9 Cells Alone and in 
Combination with Other Anti-HIV Compounds as Percent of Untreated Controls."^ 





Cone, of 
0 


4'-ethynyl D4T 
25 


(|iM) 

50 


No additive 


100 ±5 


97±7 


102 ±6 


Plus LFd4C OiM) 








5 


73 ±9 


62±3 


72±5 


10 


56±4 


58±4 


64±5 


Plus 3TC (iM) 








5 


99±3 


98±2 


99 ±10 


20 


94±3 


8S±3 


87±6 


100 


108 ±12 


85±3 


84±6 



*1i'9 cells were grown as described in Materials and Mediods for 48h in the presence of 
single compounds or in combination. Three or more wells were comited in duplicate fi>r each 
condition using a Coulter Counter. Nmnb^ represent means and standard deviations. 

Interaction of 4'Hsnbstitnted D4T analog with TK-1 : The potential of these componnds to 

be phosphozylated by purified human TK-1 was assessed (Table 3a, below). AZT was 

~' .... - " 

converted to the monophoshate form half as &st as dThd, while the rate of 4'-methyl D4T, 
and 4*-vinyl D4T are similar to the rate of D4T (approximately 2 percent of dlhd). The 
conversion rate of 4'-ethynyl D4T was superior to D4T widi a confidence level of 0.06. 
There was no significant difference in Ihe phoq)horylation rates of 4'-ethynyl D4T and 4'- 
ethynylchloro D4T with a.confidence level of 0.91 using a two tailed test The Km of 4'- 
ethynyl D4T was assessed to be 52 pM, which is lower than 133 ^iM for D4T but higher than 
dThd To be sure that none of these dThd analogs act as a potent inhibitor of TK-1 , even if 
diey are not substrates, dThd, AZT, D4T, and the 4'-'Substitated analogs of D4T were added 
to a thymidine Idmse assay at a concentration 10 fold higher than that of the [^"^Cj-dThd, then 
the amount of conversion to [^'^CJ-dTMP was compared to reactions wifli no additions (Table 
3b, below). Compounds that axe phosphoiylated well by TK-1 such as AZT can affect the 
amount of phosphoiylayed dThd. Tbe addition of D4T or its analogs that are poorly 
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phosphoiylated, even in a 10 fold excess have less effect than AZT ooa [^''C]-dThd 
phosphoiylation by TK-l. 

Table 3a: Phosphorylation by Human Cytoplasmic Thymidine Kinase 



Compound 


Km()iM) 


Relative Vmax 


dThd 


2.6* 


100 


AZT 




55.5 ± 9.7 


D4T 


133 


2.1 ± 0.7 


4'-me1iiyl D4T 




1.6±0.5 


4'-vinyl D4T 




1.8 ±0.5 


4'-etbynylD4T 


52 


3.8±0.8 


4'-ethynyhnethyl D4T 




2.5 ±0.9 


4*.ethynylchIoro D4T 




3.9 ±1.0 


4^allyl D4T 




0.4 ± 0.2 


4'-cyano D4T 




1.1 ±0.2 



250 \M dUid or analog and 2.4 mM ATP were incubated with 0.07 
unit of TK-l at 37 ° C for 285 min. Value published previously (21). 
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Tatde 3b: Effect of the Additiott of Thymidine Anafa^ to a Tl^^dine Kinase Assay.* 



Nucleoside added 


Peioent of Activity 


- 


100 


dThd 


9.1 ±3.2 


AZT 


5.4 ±2.3 


D4T 


106.3 ±7.7. 


4'-methyl D4T 


103.8 ±9.9 


4'-vinyID4T 


99.5 ± 6.9 


4'-efliyDyl D4T 


83.9 ±6.1 


4'-efliynyhnethyl D4T 


74.0 ±7.9 


4'-ethynylchloro D4T 


532 ± 9.2 


4'-aIlyl D4T 


11 0.8 ±9.0 


4'-cyano D4T 


71.8 8.2 



*The ass^s were performed essentially as described in Material and Me&ods except 
Ili6 [^^C]-dThd concentration in the assay was reduced to 25 |iM and the concentration of &e 
added nucleoside was 250 pM. 

Interaction witii Thymidine Phosphorvlase and Acid StabiHtv of 4^-ethYnvl D4T: 
PardaUy purified preparation of thymidine pho^hozylase (TP) fiom human liver was utilized 
for these studies. dThd broke down very quickly while D4T was at least 10 times slower. The 
break down of 4'etfaynyl D4T was below the detection level during the whole incubation 
pariod studied (Fig 1 1). The stability of D4T and 4'-ethynyl D4T at pH 1 and at ZT C was 
examined for 2.5 h. No detectable breakdown of either compound was detected. 

Discussion: 

D4T is an effective anti-HIV D-dideoxy-thymidine analog. Its limiting clinical 
toxicity, upon long term treatment, is peripheral neuropathy, which is associated witih its 
action of decreasing the mitochrondrial DNA content of per^heral neurons (4» 5, 33, 34). The 
biochemical detenninants of the action of D4T are difiEerent jfixnn those of 3TC, ddl or ddC. 
An analog of D4T, which has more potent anti-HIV activity and less impact on nuclear or 



49 



wo 2005/011709 PCTAJS2004/004713 

mitochoadrial DNA synthesis, could have better there^eutic effect llian D4T aiid could 
substitute for D4T ia anti-HIV combination therapy. Thus, the synthesis of D4T analogs with 
better phannacological properties is a direction which has htea taken in anti-HIV drug 
discovexy. Among all the 4'-sabstituted D4T analogs, synthesized by us and others, 4*- 
ethynyl D4T is the most active one agamst HIV in culture. Maag etMl described a 4''^do 
D4T that was inactive against HIV at non-toxic levels (29) and OYang eLal describe three 
4'-substituted D4T analogs that were nontoxic and had no anti-HTV activity (32). 

D4T is catabolized, rather quicMy, into beta-aminoisobutydc acid and thymine by the 
hepatocytes of the liver (38). The enzyme responsible for this breakdown is TP, which in the 
presence of phosphate breaks dThd into thymine and 2-deoxy-D-iibose-l -phosphate. By 
incubating 4'-ethynyl D4T and D4T mUx sl partially purified preparation of human Uver TP, 
it was shown fliat 4'-ethynyl D4T was much more resistant to TP than D4T. This indicates 
that 4'-6thynyl has an additional advantage over D4T from a phacmacoldnetic pomt of view. 
Furfiiennore, 4'-ethynyl D4T is also as stable as D4T in an acidic condition that mimics the 
stomach (data not shown). This suggests that 4'-ethynyl D4T could be an oralfy active agent 
like D4T. Detailed pharmacoldnetic studies will be performed in the future. Since 4^-ethynyl 
D4T is more potent than D4T, it is conceivable that 4*-ethynyI D4T could have less viral 
drug resistance issues. When 4'-ethynyl D4T is employed at the same dosage as D4T to the 
patient, the vimi load will be much less, thereby, decieasing the probable occurrence of 
resistant strains. It may also be possible to give 4'-ethynyl D4T at higher dosage than D4T, 
since 4'-ethynyl D4T is less inhibitory to cell growth and causes less mitochondrial DNA 
decrease than D4T. However, the determination of the amount of 4'-etfaynyl D4T that can be 
safely used will require further investigation. 

Monotherapy allows the development of resistant strains of virus to occur more 
readily ftan combination therapy. It is berefore necessary for an antiviral compound to work 
in conjunction with other approved antiviral drugs which have drGEeFBot biochemical 
detemiinants of dmg resistance. If the compounds are synergistic, or at least additive, with 
respect to their antiviral activity, but not to their cytotoxic effect on die host ceDs, improved 
therapy can be achieved. Indeed, combination therapy for HIV has made tremendous progress 
in the management of AIDS and D4T is often used as one of the drugs in combination 
protocols. To assess the potential use of 4'-ethynyl D4T in combination therapy, we 
examined the interaction of this compound with four antiviral nucleoside analogs. 4'-Ethynyl 
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D4T is synergistic with 3TC and LFd4C (Fig. 9) and additive with AZT and ddl (data not 
shown) with respect to the anti-HIV activity, but not to cytotoxicity (Table 2b). This suggests 
that 4'-e1hynyl D4T conid be a use&l componnd for combination therapy and could be usefiil 
against virus resistant to currently used nucleosides by increasing iheii eEfectiveness throu^ 
a synergistic response. The activily of 4'-elhynyl D4T against virus resistant to other 
nucleoside analogs is cunently being investigated. 

The underlying mechanism that makes 4'-ethynyI D4T more active than the other 4'- 
substituted D4T analogs studied against HIV is not clear. Deoxynucleoside analogs typicaDy 
are converted into 5»triphosphate metabolites that are substrates for viral DNA polymerases. 
Triphosphate metabolites of known anti-HIV dideoxy nucleosides interact preferentially with 
viral leverse tianscnptase and act as chain temiinators when they are incorporated into a 
DNA strand. The fiirmalion of the monophosphate metaboKte is the first step in the process to 
become a triphosphate metaboEte. The 4'-substituted D4T compounds, like D4T, are dThd 
analogs, so we used purified TK-l to test wheflier it could phosphoiylate these analogs to 
their respective mooophosi*ate fimns. The results showed that 4'-efliynyl D4T was 
phosphoiylated twice as fest as D4T alfliough at a much slower rate than that of dThd or 
AZT. It is interesting to note ftat fbs 4'-me%l D4T and 4'-vinyl D4T analogs were 
phosphorylated at the same rate as D4T, but neither had significant anti-HIV activity. Thus, it 
can be concluded that the lack of activify of some of these 4'-sttbstituled D4T analogs against 
HIV is not due to thek mabiUty to be phosphorylated by TK-1. The phosphorylatian of 4'- 
efliynyl D4T by TK-1 is an essential step, but is not sufficient to have antiviral activity. Since 
its antiviral effect could be neutralized by dThd but not dCyd, 4'-eit^l D4T. Hke D4T, acts 
as a dlhd analog but tiie antiviral mechanism of action of 4'-eaiynyl D4T could still be quite 
diflferent fixim that of D4T. Our unpublished results indicate that IMT could be more 
efBciently phosphorylated to fiie trphosphate metabolite than 4'-ethynyl D4T usmg a CEM 
cellular extract supplemented with partially purified TK-1 and recombmant human dTMP 
kinase. This raises flie question of whefljer the 4'-ethynyI D4TMP is the active metabolite 
instead of 4^elliyiiyl D4TTP and requires fiirther investigation. 

In concision. 4'.ethynyl D4T is more potent agamst HIV and less toxic than D4T in 
cell culture. It is expected to have pharmacokinetic advantages over D4T, ance it is not a 
substrate of Thymidine Phosphoiylase. Ihus, 4'-ethynyl D4T shows exceQert potential as a 
new anti-HIV drug. 



51 



wo 2005/011709 



PCT/US2004/004713 



It is to be understood by Ibose skiDed in the art that the foiegoing description and 
examples are illustrative of practicing the present invention, but are in no way limiting. 
Variations of the detail presented herein may be made without departing from the spirit and 
scope of the present invention as defined by the following claims. 
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Claims: 



1 . A compound according to the fonnula I, II, IV or V: 




I n in IV V 

wherein B is nucleoside hase according to fhe stmcture: 




X is H, C1-C4 alkyl (preferably, CH3), F, CI, Br or I; 

Z is O or CH2, with the proviso that Z is CH2 and not O when the compound is according to 
general formula II, is -C^-H and is H or a phosphate, diphosphate, triphosphate or 
phosphotriester group; 

RSs H, an acyl group, a Ci — C20 alkyl or an ether group; 
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R is H» an acyl gxmp^ a Ci — C20 attyl or ether group, a phosphate, diphosphate, 
triphosphate, phosphodiester group or a 



Nu- 



O 

II 

OR* 



Nu 



O 

II 



OR* 



or 



group; 



Nu is a radical of a biologically active antiviral compound such that an amino group or 
hydroxyl group fiom said biologically active antiviral compound forms a phosphate, 
phosphoraniidate, carbonate or urethane group with the adjacent moiety; 



a 

R is a C1-C20 alkyl or ether groiQ); 



k is 0-12, preferably, 0-2; 



is selected from a C1-C4 alkyl (prefembly, CH3), --(CH2)n-OC-Rft, 

H H 



are independently selected from H, F, CI, Br or I ; 



R"^ and R^ are independently selected from H, F, CI, Br, I, OH, C1-C4 alkyl preferably, CH3X 



-<CH2)h-(M:.Ra, 
are not both H; 



H H 

or 4<ciy? ^\ 



with flie proviso that R'* and R^ 



Ra is H, F. 01, Br, I, or -Ci-Q alty], preferably H or CH3; 



Y is H, F, CI, Br, I or -C1-C4 allcyl, preferably H or CH3; and 



n is 0, 1, 2,3, 4 or 5, preferably 0, 1 or 2; 
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and Iheir anoiiieis» phannacentically accq)table salts, solvates, or polymoiphs thereo£ 



2. The compound according to claim 1 of formula n or IV wfaerdn B is 




3. Hie compound according to claim 1 or 2 of fonnula IV wherein 
R*^ is an ethyiryl group; 

R is a C1-C3 aUcyl group; 
R^^andR^^ are both H; and 

R is H, an acyl group, a phoq)hat6, diphosphate, triphosphate or phosphodiester group. 

4. The compound according to any of claims 1-3 wherein R^ is H or an acyl groi^>. 

5. The compound according to claim 2 of formula 11 or IV 
wherein R^ is an ethynyl group or a -CH2-CH=CH2 group; 
R is a Ci-Cz dlkyl group; 

R^ ^ and R^^ are both H; and 
R^is 



5 



0R» 



O 



p4^ 

0R8 



Nu 



0 

il 

-c- 



or 



group; 



Nu is a radical of an anti-HLV nucleoside selected from the group consisting of 3TC, 
BLFd4C, FTC. BLFddC, AZT, d4T, ddl, ddC, abacavir and ddA. wherein a 5' hydroxyl 
group from said anti-HLV nucleoside fonns a phosphate or carbonate linker; 
R is H or a C1-C20 alkyl or ether group; and 
kis0to2. 
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6. The compound according to any of claims I-S wherein R is CH3. 

7. Hie compound according to claim 5 of formula IV 
wherein is an e&ynyl group; 

Ris a CH3 group; and 
R^* and R^^ are both H. 

8. The conipound according to any of claims 1-7 wherein Z is 0. 

9. The compound according to any of claims 1-7 wherein Z is CH2. 

10. The compound according to any of claims 1-9 wherein R^ is H. 

1 1 . The compound according to any of claims 1-9 wherein . 
R^is a 



R is H or a C1-C20 alkyl or ether group; and 
kisOto2. 

12. The compound according to any of claims 1, 5 or 1 1 wherein R^ is H or a C1-C12 alkyl 
group and k is 0. 

13. The compound according to any of claims 1, 5, 1 1 or 12 wherein R^ is IL 

14. The compound according to claim 6 of formula II wherein R*^ is a -CH2rCH=CH2 group. 

15. A pharmaceutical composition conq>rising an efTective amount of a compound according 
to any of claims 1-14 in combination with a pharmaceutically acceptable cazrier» additive or 
excipient 




0 



k 



group; 
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16. A pharmaceutical compositioD comprising an effective amount of a compound according 
to any of claims 1-14 in combination wilb a phannaceutically acceptable carrier^ additive or 
excipient and at least one additional anti-HIV agent 

17. Hie composition according to claim 16 wherein said anti-HIV agent is selected &om the 
group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T,.FrC, FddC, Fd4C, 
Atazanavir, Adefovir dipivoxyl, Tenofovir disoproxil, Etecavir, Indinavir, EHI-227. 2-[3-[3» 
(S)-[[(TetrahydrofuTanyloxy)carbonyllamino]-4-phenyW 
dimethylethyl)decahydro-3-isoquinolinecaiboxamid6, VB-U^^S, KNI-174, 

Val-Val-Sta, CPG53820, bis-Val H0Et-N2 azai)eptide isostere, C2-Sym Phosphinic amide 
derivative, 2,5-IManiittO-N,N*-bis^4)eiizylQxycaibonyluelyl)-l,6-diphen^ 
BzOCValPhe[diCHOH(SS]PheValB20C, 
2,5,-DiaminOrNJ^^4>isC^f-ben^loxycarbo[Q^luelyl>l,6-di^ 

BzOCValPhe[diCHOHCRRFheValBzOC, [bis(SATE^ddAMP],BlLA2186BS, Agpneiase,A. 

98881, A-83962, A-80987, (2-N^hthalcaAonyl)Asn[decaibonylPhe-hydroxye%l]ProOterffi^ , 

2-Aminoben^lstatme Valyl Cbz derivative, 

lOH-2(Cbz-VaINH)3PhPr [14]para(^cIophane derivative, 

10H-2(Cbz-VaINH)3PhPr [13]paracyclophane derivative, 

10H-2(Cb2-VaINH)3PhPr [13]metacyclophane derivative, 

10H-2(Cbz-Tb)3PhPr [MJparacydophane dorivative, 

l-(20HPr)-4-substituted'piperazine (cyclopropyl), thieneyl carbamate derivative, 

l-(20IIPr)-4-substituted-pipeiazine (cydobutylX thienyl carbamate derivative, 

l-(20HPr)-4-siibstitated-piperazine (3-pentyrl), thienyl cariiamate derivative, 

10H-2(a>2rVaINH)3PhPr[17]paTacyclophane derivative, 

A'81525, XM323, Tipranavir » ThienopyridCON diienyl urediane derivatives, 

SDZ PRI 053, SD146, Telinavir, (R)2QuinCOAsnPhe[CHOHCH2]PipCONHtBu, Saquinavir 

Saquinavir/Melfinavir derivative, IsoquinCON Thf-Thf Urethane Analog , IsoquinCON 

thienyl urethane analog, R-87366, DMP 460, L685,434, L685,434-6.Hydroxyl derivative, 

L685,434-OEtNMe2 , L685,434-OPrMoiph derivative , L689,502 , Lasinavir , 

Aluviran , Nelfinavir-octahydiD-thienopyridine analog, P9941, Palinavir, 

And PenicilliQ, 2Isoquin-OHPcNH2 analog. 

17. The composition according to claim 16 wherein said anti-HIV agent is selected from the 
group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC and Fd4C. 
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1 8. A method of treating a viial infection in a patient in need thereof comprising 
administeiing to said patient an effective amount of a compound according to any of claims 

1- 14 in a phannaceutically acceptable additive, carrier or excipient 

1 9» The method accqrdtng to claim 1 8 wherein said viial infection is caused by a virus 
selected from the group consisting of human immunodeficiency viruses 1 and 2 (HIV-1 and 
inV.2), human T-cell leukemia viruses 1 and 2 (HTLV-1 and HTLVr2), respiratory syncytial 
virus (RSV), human papilloma virus (HPV), adenovirus, hepatitis B virus (HBV), hepatitis C 
virus (HCV), Epstein-Barr virus (EBV), varicella zoster virus (VZV), qlomegalovirus 
(CMV), herpes simplex viruses 1 and 2 (HSV-1 and HSV-2), human herpes virus 8 (HHY-S, 
also known as Kaposi's sarcoma-associated virus) and flaviviruses, including Yellow Fever 
virus, Dengue vims, Japanese Encephalitis and West Nile viruses. 

20. The mediod according to claim 19 wherein said virus is HIV 1 or 2. 

2 1 . Hie method according to any of claims 1 8-20 wherein said compound is coadministered 
with at least one anti-HIV agent 

22. The method according to claim 21 wherein said anti-HIV agent is selected from the 
group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC, Fd4C, 
Atazanavir, Adefovir dipivoxyl, Tenofovir disoproxil, Etecavir, Indinavir, KHI-227. 2-[3-[3* 
(S)-[[(Tetiahydrofuranyloxy)carbonyl]amino]-4-phenyl-2(R)-hydrra 
dtimethylefhyI)decahydro-3-isoquinolinecaiboxamide,VB-l 1,328, KNI-174, 

Val-Val-Sta, CPG53820, bis-Val H0Et-N2 aza-peptide isostere, C2-Sym Phosphinic amide 
derivative, 2,5-Diamino-N^4>is(N4)ei3zylaxycaibo2^1uelyl)-l»6^ 
B20CValPhe[diCH0H(SSlPheValB2OC, 

2,5,>Diamino-N,N'-bisO^-benzyIoxycaibonyb6lyi)4,6-dipheiQd-3(R)^^ 
B20CValPhe[diCHOH(RR]PheVaB20C, Ibis(SATB)ddAMP],BILA2186BS, Agpnerase,A- 
98881, A-83962, A-80987, (2-Naphthalcaiboi^l)Asn[decaibQnylFhe-hydroxye%l]?roOtert^ 

2- Aminobenzyl5tatine Valyl Cbz d^vadve, 
10H-2(Cbz-VaINH)3PfaPr [14]paracyclophane derivative, 
10H-2(Cbz-VaINH)3PhP3r [13]paracyclophane derivative, 
lGH-2(Cb2-VaDSIH)3PhPr [13]me1acyclaphane derivative. 
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10H-2(Cb&Tle)3FliPr [HJparacyclophane denvatLve, 

I-(20HPr)-4-sub5tituted-pq)eiazi3a6 (cyclopropyl), tfaieneyl carbamate derivative, 

l-<20HPr)-4-substituted-i>ipeia23ne (cyolobutyl), tbienyl carbamate derivative, 

l-(20HPr)-4-substituted-piperazine (3-pentyl), fhienyl carbamate derivative, 

10H-2{Cb2-ValNH)3PhPr[171paiacyclophane derivative, 

A-81525, XM323, Tipranavir , ThienopyridCON fliiaiyl urethane derivatives, 

SDZ PRI 053, SP146, Telmavir, 0El)2QiimCOA8nPhe[CHOHCH2]PipCOMHt^^^ Saquinavir 

Saquinavir/Melfinavir derivative, IsoquinCON Thf-Thf Urethane Analog , IsoquinCON 

thienyl uietbane analog, R-87366, DMP 460, L685,434, L685,434-6-HydrQjcjrl derivative, 

L685,434-OEtNMe2 , L685,434-OPrMoiph derivative , L689,502 , Lasinavir , 

Aluviran , Nelfimvk-octahydro-thi^iopyridine analog, P9941, Palinavir, 

PeolciUin, 2Isoquin-OHRiMi2 analog, and miictures thereof. 

23. The method according to claim 20 wherein said anti-HIV ag^t is selected from the 
group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC and Fd4C. 

24. A method of reducing the likelihood or delaying the onset of a viral infection in a patient 
at risk &r infection, said method conqirising administering to said patient an effective amount 
of a compound according to any of claims 1-14. 

25. The method according to claim 24 wherein said virus is selected firom the group 
consisting of human immunodeficiency viruses 1 and 2 ^DV-l and inV-2), human T-cell 
leukemia viruses 1 and 2 (HTLV-1 and HTLV-2), respiratory syncytial virus (RSV), human 
papilloma virus (HPV), adenovirus, hepatitis B virus (HBV), hepatitis C virus (HCV), 
Epstein-Barr virus (EBV), varicella zoster virus (VZV), cytomegalovirus (CMV), herpes 
simplex viruses I and 2 (HSV-1 and HSV''2)y human herpes virus 8 (HHV -8, also known as 
Kaposi's sarcoma-associated virus) and flaviviruses, including Yellow Fever virus, Dengue 
vims, Japanese Encephalitis and West Nile viruses. 

26. The method according to claim 23 wherein said virus is HIV 1 or 2. 

27. The method according to claun 26 wherein said compound is coadministered with at 
least one additional anti-HIV agent. 
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28. The method according to claim 27 wherein said additional anti-HIV agent is selected 
ftom the group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC, Fd4C, 
Atazanavir, Adefovir dipivoxyl, Tenofovir disoproxil, Etecavir, fedinavir, KHI-227. 2-[3-[3- 
(S)-[[(Tettahydrof!iranyloxy)caAonyl]aminol-^ 

dimethyiethyl)de(^ydro-3-isoquinoiinecarboxaniide9 VB-11328, KNI-174, 

Val-Val-Sta, CPG53820, bis-Val H0Et-N2 aza-peptide isostee, C2-Sym Phosphinic amide 

derivative, 2^-Dianmo-N^^'4)isG443enzyloxycarbonyluelyl)-l,6-dip 

B20CValPhe[diCH0H(SS]PheValB20C, 

2 A-Diaimno4»a J^*-te(N4)eQ2yloxycaibonyluelyl)4 ,6^ 

BzOCValPhe[diaiOHOSUl]PheValB20a [bis(SATB)ddAMP], BILA 2186 BS, Agenera§e, A- 

98881, A-83962, A-80987, (2-NaphfhaicarbonyI)Asa[decarb(xiylPhe-hydroxyethyl]PioOtBr©u , 

2-Ammobenzylstatine Valyl Cbz derivative, 

10H-2(Cb2>-VaINH)3PhPr [14]paracyclophane derivative, 

10H-2(Cb2rVaINIT)3PhPr [13]paracyc]qphane derivative, 

10H>2(Cbz-VaINH)3PhPr [13]metacyclophanB d^ative, 

10H-2(Cbz-Tle)3PhPr [14]paracyclophane derivative, 

l-(20HPr)-4'Sttbstituted-pipeiazine (cyclopropyl), Ihieneyl carbamate derivative, 

l-(20HPr)-4-substituted-piperazme (cyclobutyl), thienyl carbamate derivative, 

l-(20HPr)-4-substituted-pipera2ine (3-pentyl), thienyl carbamate derivative, 

10H-2(Cbz-ValNB03PhPr[17]paracyclophane derivative, 

A-81525, XM323, Upranavir , ThienopyridCON thienyl methane derivatives, 

SDZPRI 053, SD146, Telmavir, (R)2QuinCOAsnPhe[CHOHCH2]PipCONHfBu, Saquinavir 

Saqumavii/Melfinavir derivative, IsoqumCON Thf-Thf Urethane Analog , IsoqmnCX)N 

thienyl urethane analog, R-87366, DMP 460. L685,434, L685,434-6-Hydio3grl derivative, 

L685,434^ElNMe2 , L685,434-OPtMoiph derivative , L689,502 , Lasinavir , 

Ahiviian , NelBnavir-octahydro-thienopyridine analog, P9941, Palinavir, 

And Penidllm, 2Isoqam*OHPiNH2 analog. 

29. Tbe method according to claim 27 or 28 wherein said anti-HIV agent is selected from flie 
group consisting of ddC, abacavir, ddl, ddA, 3TC, AZT, D4T, FTC, FddC and Fd4C. 

30. A method of reducing the likelihood or delaying the onset of a condition secondary to a 
virus infection in a patient at risk for the development of said condition, said method 
comprising administering to said patient an effective amount of a compound according to any 
of claims 1 tol4 to said patient 
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3 1 . The method accoiding to claim 30 wheiein said condition is AIDS. 

32. A method of treating a patient in need thereof for an HIV infection with combination 
thmpy^ said method comprising administering to said patient an effective amomit of a 
combination of at least compomid according to any of claims 1 to 14 in combination with at 
least one compound selected from the group consisting of nucleoside reverse ttanscr^tase 
inhibitors (NRTI), non-nucloeoside reverse transcriptase inhibitors, protease inhibitors, 
iiision inhibitors and mixtures thereof. 

33. A method of treating a patient in need thereof for an HIV infection with combination 
fttempy, said method comprising administeiing to said patient an effective amount of a 
combination of at least one compound according to any of claims 1 to 14 with at least one 
compound selected from the group consisting of 3TC (Lamivudine), AZT (Zidovudine), (-)- 
FTC, ddl (Didanosine), ddC (zalcitabine), abacavir (ABQ, tenofovir (PMPA), D-D4FC 
(Reverset), D4T (Stavudine), Racivir, L-FddC, L-D4FC, NVP (Nevnapine), DLV 
(Delavirdine), EFV OEfevirenz), SQVM (Saquinavir mesylate), RTV OE^itonavir), IDV 
(hdinavir), SQV (Saquinavir), NFV (Nelfinavir), APV (Amprenavir), LPV (Lopinavir), T20, 
fuseon and mixtures thereof. 

34. Use of a c(»npound according to any of claims 1 to 14 in the manufacture of a 
medicament for the treatment of an infection having as its causative agent a virus. 

35. Use according to claim 34 wherein said vims is selected from the group consisting of 
human immunodefrdency viruses 1 and 2 (HTV-l aiKl HIV-2), human T-cell leukemia 
viruses 1 and 2 (HTLV-1 and HTLV-2), respiratory syncytial virus (RSV), human papilloma 
virus (HPV), adenovirus, hq)atitis B virus (HB V), hepatitis C virus (HC V), Epstein-Ban 
virus (EBV), varicella zoster virus (VZV), cytomegalovirus (CMV), herpes siniplex viruses 1 
and 2 (HSV-1 and HSV-2), human herpes vims 8 (HHV-8, also known as Kaposi's sarcoma- 
associated virus) and flaviviruses, including Yellow Fever virus. Dengue virus, Japanese 
Encq^halitis and West Nile viruses. 

36. A method of chemically synthesizing a compound according to the chemical structure: 
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where R"^ is H or a C1-C4 alkyl group; 

Ac is a benzoyl or acetyl group group; and 

BL is a liialkylsilyl blocking group; 

comprising reacting a compound according to Ibe stmctine: 



o 




wifii tetracetate lead or lead benzoate in the presence of solvent and an amine base. 

37. The method according to claim 36 wherein BL is a tert-butyldimethylsilyl group, Ac is a 
benzoyl group, and R^^ is a methyl groiq) and lead benzoate is used in the presence of toluene 
and diisopropylethylamine. 

38. A method of synthesizing a compound according to the chemical structure: 
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O 



Me3SiC=C 



AcO 




comprising reacting a compound according to the stracture: 



Q 



AcO 
AcO 




O 



BL 

where R^*^ is H or a C1-C4 allcyl group; 
Ac is an acetyl or benzoyl group; and 
BL is a triallcylsilyl blocking group; 

with AlkylAl(Cl)-OCSiMe3 where alkyl is a C1-C3 alkyl groq> in solvent 

39. The method according to claim 38 wherein RIO is a methyl group» Ac is a benzoyl group 
and BL is a tert.-butyldimethyl group. 

40. A method of producing a compound according to the chemical structure 



where R is H or a Ci-e4 alkyl group, comprising selectively deblocking the silicone 
blocking groups in a compound according to the chemical structure: 



o 



AcO 
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O 




to pioduce a compound according to the chemical structure: 



o 




whereR is H or a C1-C4 alkyl groiq) con^iising reacting a compound accord^ 
chemical structure: 
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with methane sulfonyl chloride or tolueDesulfonyl chloride to produce intermediate M: 

0 




intermediate M 
where MeTo is a methyl group or a toluene group; and 

subjecting intermediate M to DBN in acetonitrile followed by removal of the Ac group to 
produce the compound 




42. The method according to claim 41 wherein R is methyl and MeTo is a methyl group. 

43. A mediod of synthesizmg a compound accoiding to the chemical stmctuie: 



o 




where R is H or a C1-C4 alkyl group, Ac is a ben2X)yl or acetyl group and BL is a trialkysilyl 
blocking group, comprising reacting a compound according to the chemical stmcture: 
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Q 




with silver benzoate or silver acetate in the presence of iodine in solvent to ptoduce 



Q 




Intermediate TAc 

and then reacting said intermediate lac with silver benzoate or silvor acetate in a solvent at 
elevated tBnq)6rature to produce . 




44, The method according to claim 43 wherein Ac is a benzoate group, is methyl and BL 
is a terL-butyldimethylsilyl group, said solvent is xylene and said elevated t^iq)eratuxe is 
about ISCC. 
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45. The compound: 



0 




where R is H or a C1-C4 alkyl group and Ac is an acetyl or benzoyl group* 

46. Tfe^ compound according to claim 45 where R^® is CRz and Ac is a benzoyl group. 
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FIGURE 1 




X Name 

-H D4T 

-CH3 4'-methyl D4T 

-C=CH2 4'-vmyl D4T 

-C^CH 4'-etiiyiiyl D4T 

-CSCCH3 4'-ethynyImethyl D4T 

-C=CC1 4'-ethynylchloro D4T 

-CH2CH=CH2 4'-alIyl D4T 

-CN 4'-cyano D4T 
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FIGURE 2 





L(-)Fd4.C 



L(-)SddC 
(3TC) 





D4T 
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FIGURE 3 

DiBucleoside Prodrugs 




3TC and XKIM-114 Dinudeodde Phosphate 




BLFd4C and TKD-4>114 Dinucleoside Phosphate 




FTC and TKD-4-114 DinuGleoslde Phosphate 




BLFddC and TK]>-4-n4 Dinndeosikie Phosphate 




FTC and TiaM-114 Dinndeoside Carbonate 




BLFddC and TK]>-4-114 Binudeoside Carbonate 
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FIGURE 3 (cont'd) 




ddl and TKP-4-114 l>inucleoside Phosphate ddC and TKIM-114 Diaudeoside Phosphate 




Abacavir and.TKIM-l 14 Dmudeoslde Phosphate ddA and TKD-4-1 14 Dmudeoside Phosphate 
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FIGURE 10 
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